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A PRESENTATION AND EVALUATION OF THE HYDROLOGIC INFORMATION AVAILABLE 

FOR THE MAJOR FEDERAL COAL LANDS IN SEVEN EASTERN STATES- 

SOURCES OF AVAILABLE INFORMATION 

AND A PLAN FOR FUTURE WORK

By David Grason

ABSTRACT

The most abundant and available Federal coal reserves in Eastern United 
States are in and near the National forests. The National forest areas offering the 
greatest potential for coal development are in or near the Daniel Boone in 
Kentucky and Tennessee, Hoosier in Indiana, Jefferson in Virginia, Monongahela in 
West Virginia, Shawnee in Illinois, and Wayne in Ohio. An evaluation of the 
available data and published information on coal mining and the water resources of 
these areas identifies informational needs. Three such needs common to all six 
National forest areas are for (1) numerical characterization of streamflow, water- 
quality, and sedimentation characteristics; (2) information about ground-water 
availability, movement, and quality, before, during and after mining; and (3) a 
hydrologic reconnaissance of all major lakes and impoundments within the prospec 
tive Federal coal-leasing area. Investigations which would address these and other 
informational needs are outlined for each forest area. A schedule is proposed for 
completion of these recommended investigations by the U.S. Geological Survey 
over a 6-year period. The application of sophisticated analytical and interpretive 
techniques in these studies must be preceded by the collection and preparation of 
adequate hydrologic data.



INTRODUCTION

Nationwide, the Federal Government owns the rights to the coal under 
millions of acres of land. The Federal Coal Leasing Amendments Act of 1976 (P.L. 
94-377) as amended, requires that new leases of these reserves be made available 
for production through a competitive bidding system.

In June 1979, under Presidential order, the Secretary of the Interior an 
nounced a program to make Federally owned coal more readily available for 
competitive leasing. In the program, the Bureau of Land Management (BLM) is 
charged with the responsibility for leasing Federal coal resources to meet 
anticipated regional coal demands, and for ensuring that the environmental 
consequences of the proposed coal-production activities are identified and ade 
quately addressed.

In the 31 Eastern States (those east of the Mississippi River and bordering it 
on the west), most of the Federally owned coal exists in small, scattered tracts, 
often under state or privately owned land. Planning extensive regional leasing 
of Federal coal in the East is a complicated procedure, entailing negotiations with 
numerous individual surface owners and potential lessees. Because these complica 
tions severely inhibit regional activity planning, as is done in the Western States, 
BLM expects that leasing by application will be the major mode of allocating 
Federal coal rights to the mining interests in the East.

Although BLM leases Federally owned coal in other areas of the Eastern 
States, this report addresses the effects of coal mining on the water resources of 
six specific National forest areas (fig. 1). These are the areas that offer the most 
readily accessible Federal coal and are likely to be leased first. The six areas of 
study in this report are composed principally of lands managed by the U.S. Forest 
Service, but some also contain nearby areas of Federal coal ownership not in the 
National forest system.

The data in table 1 show ownership of the land surface of the Federal coal 
estate in the East. Arrangements for leasing of Federal coal reserves existing 
beneath non-Federal surface will likely entail involved, lengthy planning and 
environmental analysis. Mineral ownership under U.S. Army Corps of Engineers 
projects (for example, flood-control impoundments) is undetermined; mining coal 
under these projects or military reservations probably would be extremely disrup 
tive to established surface activities. The National forests are essentially large 
parcels of undeveloped land, owned and managed by the Federal Government; 
leasing of the coal in these areas generally is much less complicated.

The Surface Mining Control and Reclamation Act of 1977 (P.L. 95-87) 
currently prohibits the surface mining of coal in National forests east of the 100th 
meridian, although underground mining and some of its associated surface activi 
ties are permitted. The pressures to develop fully the Nation's coal resources may 
force a change to this law in the future. The effects of surface and underground 
mining on the water resources are very often interrelated and a hydrologic study of 
one system will lead to a better understanding of the other; often the studies 
cannot be separated. It is appropriate that this report include mention and analysis 
of the effects of both types of mining.
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Purpose and Scope

An environmental assessment must be prepared to identify and evaluate the 
consequences of the proposed leasing of Federal coal lands. The surface manage 
ment agency (for example, the U.S. Forest Service for the National forest lands) 
usually has this responsibility, although the assessments must meet BLM's criteria 
for adequacy. There must also be a basis on which to evaluate the progress and 
success of reclamation after mining is complete. Planning for the proper 
management of the proposed mining and reclamation requires detailed hydrologic 
information that can be applied to tract-specific assessments.

BLM has asked that the U.S. Geological Survey assist in gathering and 
evaluating hydrologic information for each of the National forest areas. The first 
step in this task, and one objective of this report, is to review and summarize the 
sources of available water-resources information for the six study areas in figure 1.

Another objective is to identify the major hydrologic issues and problems that 
revolve around coal mining and its influence on water resources. These issues are 
complex and often affected by political, economic, and social considerations; 
therefore, the more pertinent hydrologic concerns differ from state to state and 
region to region. In this report, ongoing and completed studies are evaluated in 
terms of how well they address the pertinent hydrologic problems and issues in 
each of the areas.

The final objective of this report is to draw from existing hydrologic 
information and issues and suggest a plan for the hydrologic study of the specified 
areas during the next 6 years. This includes a proposal for an overall project 
schedule. The plan should provide a basis for coordination, where needed, among 
Water Resources Division districts of the Geological Survey, and suggest a 
sequence and time frame compatible with the Nation's coal-development priorities.



STUDY AREAS

Figures 2-7 are maps of each of the six National forest areas addressed in 
this report. In these figures, the boundaries of the study areas do not exactly 
coincide with the irregular boundaries of the National forests and included adjacent 
areas of Federal coal ownership. To simplify the computer and literature searches 
for hydrologic information, in some cases the boundaries of the study areas are 
placed just outside the forest boundaries so as to include all areas of Federal coal 
ownership within a polygon of fewer sides. In other cases, areas of the National 
forests where the Federal Government does not own the coal, or where there are 
no known reserves, are excluded from the designated study areas.

The study areas of this report are associated with the following National 
forests:

1. The Daniel Boone National Forest (including the Red Bird Purchase Unit) in 
eastern Kentucky (fig. 2). Overton and Fentress Counties, Tennessee, are 
included in this area, even though this National Forest is entirely within the 
borders of Kentucky.

2. The Hoosier National Forest in south-central Indiana (fig. 3).

3. The Jefferson National Forest in southwestern Virginia, with very small areas in 
Kentucky and West Virginia (fig. 4). Included with this National Forest are 
two U.S. Army Corps of Engineers projects in western Virginia the John W. 
Flannagan Reservoir and North Fork Pound River Lake.

4. The Monogahela National Forest in eastern West Virginia (fig. 5).

5. The Shawnee National Forest in southern Illinois (fig. 6). Included with this 
forest is the Crab Orchard National Wildlife Refuge, which encompasses 
43,000 acres just north of the east-central section of the forest. Under 
existing environmental policy, the leasing and mining of coal is not permitted 
in the refuge.

6. The Wayne National Forest in southeastern Ohio (fig. 7).



HYDROLOGIC INFORMATION AND SUGGESTED PLANS

The available hydrologic information for each of the six study areas is presented in 
three parts. The first part contains three listings as retrieved from the U.S. 
Geological Survey's National Water Data Exchange (NAWDEX). Each of these 
listings provides a summary of information about the hydrology at data sites 
located in the study area. For each National forest area, listing 1 includes sites 
where streamflow and stage data are being or have been collected. Listing 2 
contains sites for which surface-water-quality data are available, and listing 3 
identifies wells and springs for which ground-water-quality data are available.

The codes used in all listings are explained either directly on the lists 
themselves, or in tables 2 and 3. Table 2 defines the agency codes and table 3 
identifies the state and county-codes. The site codes used for all the listngs are 
explained as follows: GW stands for a well or ground-water data-collection site; 
LK represents a lake or reservoir station; ME stands for a meteorological data- 
collection site; SP represents a spring; and SW signifies a river or stream data- 
collection activity. Eight-digit hydrologic-unit codes are assigned to most of the 
stations to assist the users in relating these sites to specific drainage basins. The 
codes refer to the hydrologic catalog units depicted on the U.S. Geological Survey's 
1:500,000-scale State Hydrologic Unit Maps. These maps show the surface-drainage 
boundaries of the units. The State Hydrologic Unit Maps for the areas considered 
in this report may be obtained from:

Branch of Distribution 
U.S. Geological Survey 
1200 South Eads Street 
Arlington, Virginia 22202

NAWDEX is an especially valuable aid for studies such as this. It provides 
quick indexing to virtually all relevant hydrologic data-collection sites within the 
specific area of concern. Although the NAWDEX system has direct access to some 
large water-data bases, its main strength is in identifying the data sources. The 
requester is very often referred to 1 or more of over 400 contributing organizations 
to actually obtain the data. The system can retrieve and sort the source 
information based on a multitude of hydrological, geographical, and parametrical 
options. It can also plot data-station locations. Examples of NAWDEX's scope and 
capabilities for providing and processing large amounts of information about water- 
resources-data sites are contained in the "Index to Water-Data Activities in Coal 
Provinces of the United States" (U.S. Department of Interior, Geological Survey, 
Office of Water Data Coordination, 1979 a and b). This index was prepared by 
NAWDEX for the Geological Survey's Office of Water Data Coordination (OWDC) 
and consists of five substantial volumes, each covering a different coal region of 
the United States. Volumes I and II listed in the references pertain to the Eastern 
and Interior Coal Provinces, respectively. Further information on NAWDEX 
capabilities and services is available from:



Program Office
National Water Data Exchange (NAWDEX)
U.S. Geological Survey
421 National Center
12201 Sunrise Valley Drive
Reston, Virginia 22092

Telephone: (703) 860-6031 
FTS: 928-6031

The second part of the available hydrologic information for each National 
forest area presents the major ground-water-data sources. For each study area, 
the Geological Survey, via NAWDEX, can index varying amounts of well and 
ground-water-quality data. The Survey's Ground-Water Site Inventory (GWSI) File 
contains large amounts of these data in computer-accessible form; ground-water 
information in this file includes well ownership, location, construction, water 
levels, yields, geological unit, and water-quality data. However, the GWSI File 
remains incomplete, and a substantial amount of well and ground-water-quality 
data are still available only from state and local offices.

Finally, the third part consists of three summaries of references. The entries 
included in the summaries for each National forest area are chosen so as to provide 
the reader with a concise bibliography of information most pertinent to his or her 
needs. Included are only those references and studies which present or analyze 
field hydrologic data. Not included are feasibility studies, planning reports, and 
legal decisions. Also excluded are studies not mentioning the water resources (for 
example, assessments of strictly a geological nature), or which do not investigate 
actual field conditions (for example, laboratory studies of mine-drainage treatment 
processes).

Bibliographic summary 1 contains relevant information about any hydrologic 
study or report that assesses an area of less than 1,000 mi 2, either wholly or 
partially within the boundaries of the particular National forest study area. The 
entries in summary 1 are the most useful for preparing tract hydrologic assessr 
ments and evaluating impacts of coal mining and reclamation. Summary 2 contains 
similar information for ongoing or completed work for areas less than 1,000 mi , 
but not within the boundaries of the National forest. Two further stipulations of 
summary 2 references are that they address only the effects of coal mining on area 
water resources and that at least part of their area(s) of coverage lies within the 
same state as the specific National forest area under consideration. The 
references in summary 2 are somewhat less useful for the intended environmental 
analyses than those in summary 1. Summary 3 includes source information and 
abstracts of completed reports which address areas of study larger than 1,000 mi2 
in the same state as the forest, and which (1) address coal mining as it effects the 
water resources, or(and) (2) present methods of hydrologic analyses directly 
applicable to the specific National forest area. The references in summary 3 will 
be of lesser utility for tract-specific assessments, but may provide a means for 
approximating the gross effects of mining on larger water systems or techniques 
for estimating unmeasured parameters. The references in each summary are 
arranged in reverse chronological order; those that are yet to be published are 
listed first.



CODE

USEPA
USCE
USFS
USFWS
USGS
USNWS
USTVA

IL 001 
IL 003 
IL 004

IL 006

IN 001

KY 001 

KY 003

OH 004 

TN 001 

VA 001

WV 001 

WV 002

Table 2. Agency codes used in 
NAWDEX listings

AGENCY   

Federal

Environmental Protection Agency
Corps of Engineers
Forest Service
Fish and Wildlife Service
Geological Survey
National Weather Service
Tennessee Valley Authority

Illinois

Illinois Department of Public Health
Illinois State Water Survey
Division of Water Resources, Illinois
Department of Transportation
State of Illinois, Environmental Protection Agency

Indiana

Indiana State Board of Health, Division of Stream 
Pollution Control

Kentucky

Kentucky Department of Natural Resources and 
Environmental Protection
Division of Sanitary Engineering, Kentucky Department 
of Human Resources

Ohio 

Ohio Environmental Protection Agency

Tennessee 

Tennessee Wildlife Resources Agency

Virginia 

Virginia State Water Control Board

West Virginia

Division of Water Resources, West Virginia Department 
of Natural Resources
Sanitary Engineering Division, West Virginia Department 
of Health



Table 3.  State and county codes used 
in NAWDEX listings

Code State

017 Illinois (IL)

003
059
069
077
087
151
165
181
199

Counties

Alexander
Gallatin
Hardin
Jackson
Johnson
Pope
Saline
Union
Williamson

Code State

	Kentucky Con.

	Counties- Con,

133 Letcher
147 McCreary
165 Menifee
175 Morgan
189 Owsley
193 Perry
197 Powell
199 Pulaski
203 Rockcastle
205 Rowan
235 Whitley
237 Wolfe

Code State

051 Virginia (VA)

	Counties

019 Bedford
021 Bland
023 Botetourt
045 Craig
051 Dickenson
071 Giles
121 Montgomery
163 Rockbridge
173 Smyth
185 Tazewell
191 Washington
195 Wise
197 Wythe

Code State

018 Indiana (IN)

Code State

039 Ohio (OH)

Code State

054 West Virginia (WV)

Counties

013
025
037
071
093
105
117
123

Code

Brown
Crawf ord
Dubois
Jackson
Lawrence
Monroe
Orange
Perry

State

009 
053 
073 
079 
08? 
Ill 
115 
127 
145 
167

Counties

Arthens
Gallia
Hocking
Jackson
Lawrence
Monroe
Morgan
Perry
Scioto
Washington

021 Kentucky (KY)

Code State

047 Tennessee (TN)

Counties

023 Grant 
025 Greenbrier 
063 Monroe 
071 Pendlegon 
075 Pocahontas 
083 ( Randolph 
093 'Tucker

	Counties

013 Bell
051 Clay
065 Estill
109 Jackson
125 Laurel
129 Lee
131 Leslie

Counties

049 Fentress 
133 Overton

10



Several bibliographies are available which contain extensive lists of refer 
ences on all the influences of coal mining. These include:

Averitt, P., and Lopez, L., 1972, Bibliography and index of U.S. Geological Survey 
publications relating to coal, 1X81-1970: U.S. Geological Survey Bulletin 
1377, 173 p.

Gleason, V. E., 1980, Coal and the environment abstract series, mine drainage 
bibliography 1929-1980: Environmental Protection Agency doc. no. EPA- 
600/7-80-113, 184 p.

Gleason, V. E., and Russell, H. H., 1977, Coal and the environment abstract series, 
mine drainage bibliography 1910-1976: U.S. Environmental Protection Agen 
cy doc. no. EPA-600/2-77-082, 288 p.

Patricoski, M. L., Daniels, L. K., and Sobek, A. A., 1979, A. selective bibliography 
of surface coal mining and reclamation literature, Vol. 2, Interior Coal 
Province: Argonne National Laboratory, Argonne, Illinois, 152 p.

Walker, F. K., 1976, Bibliography and index of U.S. Geological Survey publications 
relating to coal, 1971-1975: U.S. Geological Survey Circular 742, 32 p.

Weiss, N. E., Sobek, A. A., and Streib, D. L., 1977, A selective bibliography of 
surface coal mining and reclamation literature, Vol. 1, Eastern Coal Province: 
Argonne National Laboratory, Argonne, Illinois, 158 p.

U.S. Department of Agriculture, Northeastern Forest Experiment Station, 1980, An 
annotated bibliography of surface-mined area reclamation research: Berea, 
Kentucky, 59 p.

To provide a basis for evaluating the topical coverage of ongoing or 
completed hydrologic investigations for each area, a matrix of investigation 
categories is presented (table 4). Each reference in each of the forest area's 
bibliographic summaries is placed in one or more of the investigation categories 
listed vertically in the left column of table 4. Categorization of the references is 
based on the information in the annotated bibliography.

At the end of the section on available hydrologic information is a brief 
section presenting sources of precipitation data. These data provide the chemical 
quality of the water resource before it enters the terrestrial part of the hydrologic 
system, and they are needed input for rainfall-runoff modeling. Since most of the 
precipitation information relevant to the study areas is associated with relatively 
few regional networks, it is more appropriate to provide a single discussion of 
availability of these data, rather than to address the issue for each study area 
individually.

11
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The Daniel Boone National Forest Area 

Setting

The Daniel Boone National Forest, located in eastern Kentucky, is comprised 
of two distinct sections (fig. 2). The western section forms a narrow strip 14-0 mi 
long on the western edge of the Cumberland Plateau. The other section, the 
Redbird Purchase Unit, is made up of portions of Clay, Knox, Leslie, and Towsley 
Counties, and lies in the eastern part of the plateau.

The geographic information that follows in this section is taken from a report 
published by the U.S. Department of Agriculture, Forest Service (1978). Over 
2,000,000 acres of land lie within the boundaries of the forest; however, only 
660,000 acres are administered by the Forest Service. Almost 97 percent of the 
Federally owned National Forest area is classified as forest land. The privately 
owned lands within the boundaries are mostly forested or small farms.

The surface of Daniel Boone National Forest is characterized by steep slopes, 
narrow valleys, and cliffs. It is underlain by layers of sedimentary rocks that slope 
gently toward the southeast. The Mountains and Eastern Coal Fields physiographic 
region, part of the Cumberland Plateau section of the Appalachian Plateau 
Province, encompasses most of the area of the forest. Altitudes range from 800 to 
2,300 ft, with steeper slopes and more sharply peaked ridgetops in the northern 
sections. Soils vary from strongly acidic to calcareous and clayey, and fertilities 
range from low to high, depending on location.

The forest is drained by three major rivers; the Licking, Kentucky, and 
Cumberland River basins encompass areas in the northern, central (including the 
Redbird Purchase Unit), and southern parts, respectively.

Rainfall over the forest is evenly distributed throughout the year. Average 
annual precipitation is 4-6 in., and average yearly snowfall ranges from less than 6 
in. to over 4- ft. Variations in elevation and terrain affect the quantity and 
character of the precipitation falling in different parts of the forest.

All the main streams in the area flood aperiodically. The soils are relatively 
shallow and they become quickly saturated during periods of rain. The steep slopes 
quickly direct the rainfall to intermittent stream channels, and very rapidly, often 
within minutes, the major tributaries begin to swell. The shallow soils and steep 
slopes also prevent storage of substantial amounts of precipitation in the ground- 
water system. During periods of sparse rainfall, when streams are fed solely by 
ground water, flows in the rivers and creeks of the forest drop significantly; this is 
especially apparent in the fall of the year.

13



L
E

G
E

N
D

S
ta

te
 

bo
un

da
ry

C
ou

nt
y 

in
cl

ud
ed

 
( 

al
l 

or
 p

ar
t 

) 
in

 s
tu

dy
 a

re
a

H
yd

ro
lo

gi
c 

ca
ta

lo
g

 
un

it 
bo

un
da

ry

D
an

ie
l 

B
oo

ne
 N

at
io

na
l 

Fo
re

st
 s

tu
dy

 a
re

a

25
 

50
 

75
 

10
0 

M
ile

s

0 
25

 
50

 
75

 
10

0 
K

ilo
m

et
er

s

F
ig

u
re

 
2

. 
L

o
c
a
ti

o
n
 

of
 

D
an

ie
l 

B
oo

ne
 
N

at
io

n
al

 
F

o
re

st
 

st
u

d
y

 
ar

ea
 

an
d 

re
le

v
a
n
t 

h
y

d
ro

lo
g

ic
 

ca
ta

lo
g
 
u

n
it

s.



Available Hydrologic Information

Supplemental data A (p. 67) contains NAWDEX listings 1, 2, and 3 for the 
Daniel Boone National Forest study area. Supplemental data B (p. 91) is an 
annotated bibliography of hydrologic studies pertinent to the Daniel Boone National 
Forest study area. Refer to the discussion on pages 7 and 8 for an explanation of 
the criteria for selecting and including stations, studies, and publications in each of 
the listings and summaries. Stations and references relevant to the Tennessee 
areas within the study area immediately follow those for Kentucky in each listing 
and summary.

A significant amount of ground-water-quality data for the Daniel Boone 
National Forest area can be obtained from the Kentucky and Tennessee district 
offices of the U.S. Geological Survey. Listing 3 in supplemental data A indexes 
more than 90 wells and springs for which ground-water data are available through 
the Survey's National Water Data Storage and Retrieval System (WATSTORE) 
Water-Quality File and from Faust and others (1980).

No ground-water or well data are available in the U.S. Geological Survey's 
GWSI File for the study area. However, both the Kentucky District of the U.S. 
Geological Survey (Water Resources Division) and the Tennessee Division of Water 
Resources have a considerable amount of these data in their office files. 
Information such as well-water levels, lithologic descriptions, hydraulic measure 
ments, pumpage records, and well descriptions are available. The Tennessee 
Division of Water Resources has an estimated 1,000 well-completion reports dating 
back to 1963 for Fentress and Overton Counties. The information in the Kentucky 
and the Tennessee files is not computerized.

To obtain ground-water information for the Tennessee parts of this study 
area, direct the request to:

Director, Tennessee Division of Water Resources
4721 Trousdale
Nashville, Tennessee 37219

Telephone: (615)741-6860 
FTS: 835-6860
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Evaluation of Coverage

A sizable hydrologic data base exists for the Daniel Boone National Forest 
area (supplemental data A, p. 67). The U.S. Army Corps of Engineers and U.S. 
Geological Survey are responsible for collecting most of the surf ace-water-flow- 
and-quality data. The ground-water-quality data available in the Geological 
Survey's WATSTORE Water-Quality File can be readily retrieved and manipulated.

 A number of investigations address the effects of coal mining on the flow, 
water quality, and sediment characteristics of streams within this study area. The 
U.S. Forest Service's Northeastern Forest Experiment Station in Berea, Ky., has 
completed many such studies in eastern Kentucky, especially in the Breathitt 
County area (supplementary data B, p. 91; references DB/S2-1, 5, 9, 12, 16, 19, 
20, 22, and 23). Perhaps the most extensive and best known small-stream study in 
the area is the U.S. Geological Survey's investigation of the Beaver Creek basin 
(supplemental data B; reference DB/S1-1, p. 93). There are also 12 studies that 
investigate the biological organisms in the streams within or near the coal-mined 
areas. Most of the biological studies in Tennessee are authored by persons 
associated with Tennessee Technological University in Cookeville (supplemental 
data B, p. 91; references DB/S1-7, 9, 10, 11, and DB/S3-15).

Several deficiencies are apparent from an examination of the references in 
table 4 and supplemental data B:

1. There is little information on the ground-water hydrologic systems in eastern 
Kentucky, or how they are influenced by surface or deep mining.

2. Analysis and prediction of the hydrologic conditions in small basins and in ground- 
water systems by modeling techniques are just now being initiated. These 
techniques will probably not be ready for broad-scale application in this forest 
area for several more years.

3. Few studies address the hydrologic impacts of mining in the larger stream basins 
in this forest area.

4. Although there are several sizable lakes and impoundments within or near the 
Daniel Boone National Forest area, there are few studies which address the 
influence of coal mining on these water bodies.

16



Suggested Plan for Future Hydrologic Study

A regional study of ground-water characteristics before, during, and after 
mining is needed in the Daniel Boone National Forest area. However, the existing 
data base 'must first be evaluated, organized, and put into a form which can be 
readily utilized before a study of the ground-water resources of the forest as a 
whole is undertaken. It is therefore suggested that the Kentucky District of the 
U.S. Geological Survey first study only a representative portion of the forest with 
known coal reserves. This study can be designed to define natural ground-water 
flow and quality conditions, evaluate the existing influences of coal mining on the 
ground-water resources, and predict hydrologic conditions in the future, if coal 
mining proceeds as planned. Based on results of this intensive areal study, a 
strategy can be developed to obtain the data and evaluate the ground-water 
resources in the rest of the Daniel Boone National Forest.

^t

Because of the extensive hydrologic investigation in the Beaver Creek basin 
(supplemental data B; reference DB/S1-1, p. 93), this watershed is an excellent 
location to begin a study which identifies and assesses the hydrologic effects of 
mining and reclamation by means of numerical modeling techniques. These 
techniques can be applied to predict runoff in response to rainfall, and to predict 
small-stream sedimentation and water-quality characteristics. As with any effort 
of this type, the existing data base may initially need to be supplemented or 
reworked to fit the input requirements of the chosen models.

Of the six National forest areas addressed in this report, the Eastern States 
Director of BLM lists the Daniel Boone National Forest (Kentucky) as the area of 
highest priority for technical investigations activities and Federal coal leasing in 
the East (Hildebeidel, R. L., Director, Eastern States Office, Bureau of Land 
Management, June 1981, in memorandum to the Chief Hydrologist, U.S. Geological 
Survey, Water Resources Division). To fully understand the surface-water re 
sources in this coal-producing area, specific large drainages of the forest need to 
be studied more intensively. Areas for this study would be smaller than those 
addressed in the Geological Survey's areal assessments in the Eastern Coal 
Province (supplemental data B, p. 91; references DB/S3-1 and 14), but large enough 
to include all areas of the forest in three to five separate studies. The purpose of 
these investigations is to define the water resources of each drainage and to 
highlight and investigate water-quality problems related to coal mining. These 
types of studies would provide an in-depth evaluation of coal mining and reclama 
tion in the larger watersheds. Furthermore, they could serve as a basis for 
evaluating how well small-basin investigations and modeling can be extended to 
predict impacts on larger streams.

17



The Hoosier National Forest Area 

Setting

Woodland makes up 53 percent of the Hoosier National Forest, located in 
south-central Indiana (fig. 3). Although there are 645,000 acres of land within the 
forest boundaries, only 186,000 acres are Federally owned and managed.

The rest of the information and data in this section is taken from the Hoosier 
National Forest Land System Soil Resource Inventory (Garner, 1979). The Hoosier 
National Forest lies in the Norman Upland, Mitchell Plain, and Crawford Upland 
systems of the unglaciated portion of the Highland Rim Section of the Interior Low 
Plateau province. The Norman Upland, which includes the northern section of the 
forest, is characterized by narrow, flat-topped ridges and deep, V-shaped valleys. 
The Mitchell Plain includes some of the central portion of the forest and is marked 
by sinkhole depressions and knob or ridge-like divides. The southern section of the 
Crawford Upland contains a diversity of land-surface features including ridges, 
hills, trench-like valleys, wall-like bluffs, sinkholes, waterfalls, gorges, and caves. 
Altitude in the forest ranges from about 350 to 1,000 ft.

Hoosier Forest is underlain by alternating units of sandstone, shale, and 
limestone of Mississippian and Pennsylvanian age. Limestone caves play a 
significant role in the forest drainage and make the construction of reservoirs 
difficult in certain areas. Gypsum, oil and gas, limestone, sand and gravel, quartz, 
whetstone, and coal are minerals of potential commercial value found in the forest.

Over the entire forest, the average annual precipitation is 44 in.; annual 
snowfall averages 18 in. Temperatures range from a July average daily maximum 
of 88.5 F to an average daily minimum of 22.1 F in January.

18
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Available Hydrologic Information

Supplemental data C (p. 135) presents the three listings of hydrologic data 
stations for the Hoosier National Forest area. Supplemental data D (p. 147) is an 
annotated bibliography of references pertinent to hydrology and the influences of 
coal mining in this area. See pages 7 and 8 for an explanation of the types of 
data stations, references, and studies included in each listing and summary.

For this forest area, little ground-water information is currently available in 
machine-readable form; listing 3 in supplemental data C (p. 144) indexes only four 
wells. However, the Indiana District of the U.S. Geological Survey is now in the 
process of reviewing ground-water information from 26 counties in southwestern 
Indiana and preparing it for the GWSI File. Although data from only the western 
portions of the Hoosier National Forest are included in this review, these are the 
principal sections of the study area where coal mining is considered feasible. 
Sources of this information are the Indiana Geological Survey in Bloomington, Ind., 
and the State Board of Health, State Department of Natural Resources, and U.S. 
Geological Survey in Indianapolis, Ind. Even though, collectively, these sources 
have records for approximately 10,000 wells in this 26-county area, data from only 
about one-tenth of that number are being entered into the GWSI File because of 
data-selection criteria. Until all the ground-water information is processed into 
this file, or if more than just the GWSI information is desired, an investigator must 
contact the above agencies individually to gain access to their in-house files; 
machine processing of the data from the in-house files is not possible.

A report by the U.S. Geological Survey evaluates the present scope of the 
State's ground-water data network and indexes a considerable amount of ground- 
water data collected since 1935 (Marie, 1976). To obtain current information about 
the status of ground-water-data availability in the Hoosier National Forest area 
and southwestern Indiana, contact the District Chief of the U.S. Geological 
Survey's Water Resource Division office in Indianapolis.
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Evaluation of Coverage

Relatively little monitor ing-site data are indexed by NAWDEX for this study 
area (supplemental data C, p. 135). Streamflow and ground-water-quality data are 
especially sparse (listing 1, p. 136; and listing 3, p. 144). The U.S. Forest Service 
and the U.S. Geological Survey are the major sources of the data which are 
available. The ground-water systems of the Hoosier National Forest are addressed 
in only a few general, broad-areal investigations in supplemental data D (p. 147). 
The data being compiled by the U.S. Geological Survey for entry into the GWSI File 
should greatly facilitate more intensive study of the ground-water resources in the 
coal-mining areas of Indiana.

A number of studies (supplemental data D, p. 147; references H/S1-1, 4, 8, 9, 
10, and H/S2-7, 8, 10, 11, and 13) addressing the water resources in or near the 
Hoosier National Forest are available from the Water Resources Research Center 
at Indiana University in Bloomington, Ind. Most of these are concerned with the 
water quality, sedimentation, and biological characteristics of Monroe Reservoir 
and the Potoka River and Busseron Creek watersheds. Eight reports by the U.S. 
Geological Survey (supplemental data D, p. 147; references H/S1-2, 3, 5, 6, 7, and 
H/S2-2, 3, and 4) evaluate mining's impact on the hydrology of small-stream basins.

Suggested Plan for Future Hydrologic Study

What is needed now is to extend the analysis in these small-area studies to 
include numerical techniques which model and predict the influences of coal mining 
on streamflow characteristics and ground-water quality. The Indiana District of 
the U.S. Geological Survey is currently participating in a project to verify surface- 
water hydrologic simulation models for basins in the southeastern section of the 
state. Areas of the Hoosier National Forest need to be included in this verification 
as well.

The ground-water systems of the, Hoosier National Forest need better 
definition. After the ground-water information in the forest areas is evaluated and 
put into a machine-readable form, there needs to be a regional assessment of the 
impacts of deep and strip mining on aquifer characteristics and ground-water flow.

Lake systems in southern Indiana, including last-cut lakes, which are highly 
visible, lasting hydrologic disturbances left by strip mining, require more investi 
gation. Located near Bloomington and Indiana University, Monroe Lake is well 
studied, but the lakes and impoundments of lesser size are investigated much less 
extensively. Study of their water, its origin and nature, and the factors influencing 
it, may provide information that could lead to more effective reclamation and 
management practices.

Studies which specifically address reclamation and its influence on hydrologic 
resources are also deficient for this study area. Reclamation is usually studied as 
one of several land-use classifications found in areas of active coal mining. 
Instead, reclamation practices need to be investigated separately and more 
intensively; the consequences of following specific land-reclamation scenarios need 
to be better understood.
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The Jefferson National Forest Area 

Setting

The information that follows is obtained from the U.S. Soil Conservation 
Service, Agricultural Handbook (Austin, 1965). There are approximately 700,000 
acres of Federally owned land in the Jefferson National Forest, located principally 
in western Virginia (fig. 4); a small portion of the forest extends into Monroe 
County, West Virginia. The northeastern two-thirds of the forest lie in the Blue 
Ridge physiographic province, with the rugged Blue Ridge Mountains traversing 
from the southwest to the northeast. In the north, the mountains have steep slopes 
and sharp ridges and the valleys between are narrow and also steep. Elevations in 
the forest range from about 1,500 to 5,729 ft, the latter being the height of Mt. 
Rogers in western Grayson County.

The southwestern portion of Jefferson National Forest is in the Southern 
Appalachian Ridge and Valley physiographic province. In this portion, the valleys 
and ridgetops are broader and flatter than in the north or west, and elevations 
range from 1,000 to just over 4,000 ft. The extreme western section of the forest 
is in the Appalachian Plateau.

Most of the mountainous areas are forested, with many small and medium- 
sized farms in the valleys and coves and also in the hilly plateau of the western 
section of the forest. The cleared land is used for grazing cattle and growing feed 
crops, fruits, and vegetables. These farms can usually provide only a part-time 
livelihood for their occupants.

Variations in elevation and terrain significantly influence the weather condi 
tions in different locations of the forest. Average annual precipitation ranges from 
35 to 50 in., with the greatest quantities in the midsummer and midwinter months, 
and the least in the autumn. Average annual temperature is 50 to 60 F, 
depending on elevation.
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Available Hydrologic Information

Streamflow and water-quality data stations for the Jefferson National Forest 
study area are indexed in supplemental data E (p. 179). Annotated bibliographies of 
references germane to coal mining and water resources in this area are found in 
supplemental data F (p. 193). For an explanation of the selection criteria for 
stations and references in each of the three listings and summaries, refer to the 
discussion on pages 7 and 8.

There are 63 wells for which data are available in the Geological Survey's 
GWSI File. Two Virginia State agencies also have a substantial amount of ground- 
water data. They are:

The Virginia State Water Control Board 
P.O. Box 11143 
2111 North Hamilton Street 
Richmond, Virginia 23220

The Virginia State Health Department 
Division of Water Program 
P.O. Box 1096 
Abingdon, Virginia 24210

The Virginia State Water Control Board can provide information for about 
100 wells per county in the western part of the State. Available from this agency 
are well depths, lithological information, and, for about 60 percent of the wells, 
water-quality data. These computerized files are developed mainly from drillers1 
logs and are now being updated to include data on the location of water-bearing 
zones. The files of the Virginia State Health Department contain only well 
locations and ground-water-quality data. Some of the data from the latter agency 
are stored in an in-house computer system.

One particularly notable study conducted by the U.S. Forest Service inven 
tories all phases of the water resource within the Jefferson National Forest 
(supplemental data F; reference J/S3-2, p. 204). Also notable are the three 
Planning Bulletins issued by the Virginia State Water Control Board, which address 
the quantity and quality of ground water in Buchanan, Carroll, and Dickenson 
Counties (supplemental data F, p. 193; references J/S1, 2, and J/S2-2).
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Evaluation of Coverage

NAWDEX indexes 27 streamflow and 33 water-quality-data stations for the 
Jefferson National Forest area, but lists only three sites where ground-water data 
have been collected (supplemental data E, listing 3, p. 190). the main source of 
streamflow and stage data is the U.S. Geological Survey, but surface-water-quality 
data can be obtained from seven different agencies. The Virginia State Water 
Control Board and the U.S. Environmental Protection Agency are the sources of 
most of the water-quality data.

Although there is little ground-water data from this study area indexed in 
NAWDEX, the U.S. Geological Survey, the Virginia State Water Control Board, and 
the Virginia State Board of Health can all provide substantial quantities of well and 
ground-water information. The Survey's data in the GWSI File are mostly from 
wells in the extreme western portion of Virginia, near the tri-state boundary with 
Kentucky and West Virginia. However, for the study area as a whole, the Virginia 
State Water Control Board and Health Department retain a large amount of 
ground-water data, most of which can be easily accessed from a computerized 
storage system.

Deficiencies in all areas topical coverage of water-resources investigations 
pertinent to the Jefferson National Forest area are apparent from an examination 
of table 4 (p. 12) and the references in supplemental data F (p. 193).

1. Although a few studies address the condition of the ground water in the study 
area, there are no reports that present a regionalized picture of the ground-water 
system of western Virginia or of Jefferson National Forest area.

2. There are few references which assess the hydrology of the Jefferson National 
Forest study area, or which assess the impact of coal mining on the water re 
sources of Virginia.

3. Several references address small-stream water quality and flow. These are too 
few, however, to provide the base of information necessary to predict hydrologic 
conditions in unmonitored basins.

4. Hydrologic modeling, lake (reservoir), and reclamation studies are lacking.
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Suggested Plan for Future Hydrologic Study

One of the most pressing needs for the Jefferson National Forest area is to 
conduct a regional ground-water-systems study based on the existing substantial 
data base. The study can investigate ground-water levels, movement, and quality, 
and predict direction and rate of travel of ground-water contamination. An 
investigation of this nature cannot only characterize ground-water conditions as 
they are influenced by coal mining, but can also depict the natural conditions and 
the effects of the reclamation process as well.

To characterize streamflow and water-quality conditions in all coal areas of 
the forest, it is suggested that a project be undertaken to calibrate and verify 
hydrologic models for small watersheds in the study area. Stream sedimentation 
processes need to be especially emphasized in the modeling project. It is important 
to address the effects of mining activities on stream-channel structure and 
geometry, as well as the amount and size of sediment that is transported.

One investigation suggested by U.S. Geological Survey personnel in Virginia 
entails identifying aquifer properties of typical coal-bearing rocks around a 
reservoir system. Field data would be compared to numerical simulation results, 
which would predict aquifer response to fluctuations in reservoir stage. In this 
investigation, the interactions of reservoirs and the ground-water system would be 
studied, and, if mining was taking place in the vicinity, the subsurface effects of 
mining or reclamation on the reservoir could be monitored.

A second suggestion is to monitor sedimentation and water-quality processes 
in reservoirs located in areas of coal mining. This investigation could possibly be 
blended with the previous one to make a larger, integrated study of coal mining and 
its total effect on a reservoir system.
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The Monongahela National Forest Area 

Setting

All geographic information presented in this section is taken from the 
Monongahela National Forest Land Management Plan (U.S. Department of Agri 
culture, Forest Service, 1977). The Monongahela National Forest lies entirely in 
eastern West Virginia (fig. 5). The total area within the boundaries of the forest is 
about 1,650,000 acres, and of that, about 850,000 acres are Federally owned.

The Monongahela Forest is divided between two physiographic provinces. The 
eastern portion lies in the Ridge and Valley province and is characterized by 
mountainous terrain and long, narrow ridges. Elevations in this portion range from 
about 900 to over 4,000 ft, with a mean of about 2,500 ft. The western portion of 
the forest, where most of the coal reserves are located, falls in the Allegheny 
Plateau province. The mountains in the western portion are broader, more 
massive, and separated by narrow valleys.

Coal is the most abundant mineral resource of economic value found in the 
forest. Oil, gas, limestone, and some iron and silica are also found in lesser 
amounts.

The Monongahela National Forest is underlain by a variety of sedimentary 
rocks of Ordovician to Pennsylvanian age. The natural water associated with these 
rocks ranges from buffered alkaline to highly acidic.

Precipitation in the western areas of the forest has a notable acidity (pH 3.5 
to 4.5). In all areas of the forest, the character and frequency of rainfall affect 
the pH and buffering capacity of stream water.

Major streams in the Ridge and Valley province of the forest flow mainly to 
the northeast or southwest, with numerous short tributaries. In the Allegheny 
Plateau province, the numerous streams are typically very winding and do not have 
a dominant direction of flow. There are no natural lakes in the National Forest, 
but there are six artificial impoundments, ranging in size from 3 to 164 acres.
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Available Hydrologic Information

Supplemental data G (p. 208) indexes 27 streamflow, 195 surface-water- 
quality, and 38 ground-water-quality monitoring sites. Although a total of eight 
different agencies are listed as data sources, the majority of the surface- and 
ground-water-quality information is available from the U.S. Forest Service and 
U.S. Geological Survey. The latter agency is the only source of area streamflow 
data.

Supplemental data H (p. 230) contains references (with abstracts) of hydro- 
logic studies pertinent to Monongahela National Forest area. For an explanation of 
the types of data stations, references, and studies included in supplemental data G 
and H, refer to the discussion on pages 7 and 8.

-»

The West Virginia District of the U.S. Geological Survey has catalogued 
hundreds of wells into the Survey's GWSI File for this study area. Most of these 
wells also have at least one comprehensive water-quality analysis stored in the 
Geological Survey's WATSTORE Water-Quality File (indexed in supplemental data 
G, listing 3, p. 225). Water-quality data for wells in the Greenbrier-Upper New, 
Little Kanawha, and Potomac River basins are not stored in WATSTORE, but are 
available in three reports published by the West Virginia Geological and Economic 
Survey (Chisholm and Frye, 1976; Friel and Bain, 1971; and Friel and others, 1975).

Evaluation of Coverage

Together, the West Virginia Geological and Economic Survey and the U.S. 
Geological Survey can provide a very large body of ground-water data for the 
Monongahela National Forest area. If properly interpreted, these data should be 
sufficient to provide a regional overview of ground-water conditions. Because they 
are in a published or machine-readable form, the data are easily accessible.

There are 16 instances in which references listed in supplemental data H (p. 
230) analyze or interpret ground-water flow or ground-water quality. These 
studies, along with the existing availability of sizable ground-water-data bases, 
provide a strong basis for undertaking more advanced ground-water investigations 
in the Monongahela Forest area.

Numerous references concerned with the streamflow, water-quality, bio 
logical, and sediment characteristics of small and large streams are available for 
the Monongahela National Forest area. Relative to the other forest areas, this is 
considered to be adequate coverage of in-stream processes, and no more of this 
type of investigation is suggested.
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There are only six impoundments in the Monongahela National Forest; 
however, not all of the impoundments have been investigated. An environmental 
assessment of a tract identified for coal leasing would require some specific 
information about all water bodies within its borders.

Only four investigations in supplemental data H (p. 230) deal directly with the 
mine reclamation in this forest area. More definitive study of the reclamation 
process is needed.

Suggested Plan for Future Hydrologic Study

A study to investigate and separate the different hydrologic effects of 
surface and deep mining is suggested for the Monongahela National Forest area. 
Factors that need to be investigated include streamflow characteristics and 
quality, ground-water flow and quality, suspended sediment, and benthic inverte 
brates. The areal extent of this investigation can probably be limited to relatively 
small, specific, mined areas.

A second, related study can be initiated to consolidate existing ground-water 
information into a comprehensive regional assessment of ground-water resources in 
the Monongahela Forest area as a whole. The study can be designed to predict (1) 
ground-water movement in various physiographic terrains and geological con 
ditions, (2) direction and rate of travel of ground-water contamination, and (3) the 
impact of mining on ground-water levels and yields. If computer modeling can be 
successfully applied here, the techniques may be transferable to other coal- 
producing areas in the Ridge and Valley and Appalachian Plateau provinces. Study 
of this complex system before, during, and after mining would extend the 
application of the modeling to the natural system and to reclamation.

There is a need for a computer-modeling investigation to predict the flow and 
water quality of small streams in the Monongahela Forest area. Two goals need to 
be especially emphasized in the modeling process: (1) to characterize sedi 
mentation processes, and (2) to evaluate fully reclamation's influences on stream- 
flow and quality.
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The Shawnee -National Forest Area 

Setting

Together, the Shawnee National Forest and the Crab Orchard Wildlife Refuge 
encompass an area of 256,000 acres in southern Illinois (fig. 6). This is a region 
"characterized by rugged topography, extensive forest, and numerous streams and 
rivers. As such, the Shawnee provides a varied landscape not found elsewhere in 
Illinois. Extensive complex rock formations, bluffs, and associated waterfalls 
occur throughout the forest" (R. H. Mason, Lands and Watershed Staff Officer, 
Shawnee National Forest; written commun., 1981).

The Federally owned lands within the forest boundaries are mostly forested. 
Since the Shawnee Forest's establishment in the mid-1930's, many acres "of 
formerly cultivated land have reverted to forests, either naturally or with man's 
help. The open spaces are mostly privately owned and are used to grow corn and 
soybeans or to graze livestock.

Mason also mentions that the Shawnee National Forest is underlain with rocks 
of Pennsylvanian, Mississippian, and Devonian age. Mineral resources of the area 
include oil, gas, coal, fluorspar, lead, zinc, barite, tripoli, refractory clay, sand, 
gravel, and limestone.

Available Hydrologic Information

Supplementary data I (p. 270) contains listings 1, 2, and 3 NAWDEX retrievals 
for the Shawnee National Forest study area. Supplemental data J (p. 282) presents 
references (with abstracts) which are pertinent to coal mining and water resources 
in this area. Pages 7 and 8 describe the criteria used for selection of stations 
and references in each of the three listings and summaries.

The U. S. Geological Survey is the source of data for all but two of the 30 
streamflow measurement stations indexed for the Shawnee National Forest area; 
however,the data at 14 of these Survey stations span a period of less than 1 year 
(supplemental data I, listing 1, p. 271). Surf ace-v/ater-quality data collected by 
seven different State and Federal agencies at 39 stations are indexed in listing 2 (p. 
274).

NAWDEX indexes 29 wells in the Shawnee National Forest area for which 
ground-water-quality data are available. The U.S. Forest Service in Harrisburg, 
111., maintains a substantial file of ground-water-quality data from water-supply 
wells in the Shawnee National Forest. The U.S. Geological Survey's GWSI File 
contains no well data for this area.
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The most complete source of ground-water-quality information is made up of 
contributions from three Illinois State agencies. The files of the Illinois State 
Water Survey, the Illinois State Department of Public Health, and the Illinois 
Environmental Protection Agency contain about 28,000 analyses that are available 
in a single, computerized, storage-and-retrieval system. The analyses are of 
samples collected from water-supply, industrial, irrigation, and domestic wells. 
Although over 90 years of records are on file, 83 percent of the data are from 
samples collected since 1940. Data are available for major inorganic constituents, 
trace elements, physical parameters, and gases, although the actual parametric 
coverage varies from sample to sample. Virtually no data are available for 
synthetic organic compounds in Illinois ground water. Three noteworthy limitations 
to these data are: (1) they represent over 90 years of sample collection and 
analysis by seven different laboratories, leading to questions of analytical consist 
ency; (2) since some wells were sampled specifically because of their water-quality 
problems, the data base is not a random sampling of existing ground-water 
conditions; and (3) source-aquifer information is lacking.

This ground-water data system can be accessed by contacting:

Illinois State Water Survey 
P.O. Box 5050, Station A 
Champaign, Illinois 61820

The Illinois State Water Survey also has available water-level data from 101 
observation wells measured since the early 1940's, but they are not yet in machine- 
readable form.

Evaluation of Coverage

The Shawnee National Forest study area has an extensive and well organized 
base of available ground-water data and information. The availability of ground- 
water data maintained by the U.S. Forest Service, and the sizable, computerized 
file maintained by the Illinois State Water Survey should greatly simplify the 
ground-water-data acquisition tasks for future studies. Ground-water-flow and 
quality conditions in and near coal-mining areas of the State have been studied 
extensively by the Illinois State Water Survey, Illinois Geological Survey, and 
others (supplemental data J, p. 282).

Table 4 shows that a large number of water-quality investigations have been 
conducted in coal-mining sections of Illinois, considering the relatively small size 
of this forest study area. However, comprehensive information on small-stream 
sedimentation and biota is deficient, as is the application of techniques to predict 
stream conditions in unmonitored watersheds.

The effects of reclamation on local hydrology, and of mining on area lakes, 
including last-cut lakes, have been studied in Illinois. Many of the cited 
reclamation studies, however, investigated the application of treated sewage 
sludge on formerly strip-mined lands. These investigations therefore do not 
represent the naturally occurring conditions which may be encountered in southern 
Illinois. Also, not all lakes and impoundments on Federal lands within the forest 
area were studied. Because of the large number of last-cut lakes in this area's 
landscape and their potential utility, studies of the salient water-resources 
features of these water bodies are still deficient.
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Suggested Plan for Future Hydrologic Study

such a large and accessible base of ground-water information, it is 
suggested that an investigation be undertaken in the near future to assess the 
ground-water resources in Shawnee National Forest area. The investigation needs 
to address the impact of strip mining and reclamation on ground-water flow, 
aquifer characteristics, and contaminant movement.

Similarly, small-basin, hydrologic modeling can be applied to watersheds in 
the Shawnee Forest. Computer models can be used to predict streamflow, water 
quality, and sedimentation characteristics in small streams affected by deep and 
surface mining.

An investigation which attempts to identify the major processes influencing 
the chemistry of last-cut lakes in the forest would have wide application in Illinois 
and other areas. The effort should focus on relating local stratigraphy and geology 
to lake-water quality. Knowledge of these factors could lead resource planners to 
sound decisions on how to manage these water bodies to make them suitable for a 
greater variety of post-mining uses.

Finally, the influences of mining activities on stream life in this area are 
documented in only a few instances (table 4, p. 12). It is suggested that stream 
biological populations of the Shawnee National Forest area be identified prior to 
coal leasing and compared to similar data collected during and after mining. The 
purpose of this is to evaluate how well stream biota can serve to monitor the 
impact of different stages of mining.
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The Wayne National Forest Area 

Setting

The geographic information that follows is all derived from written communi 
cation with R. G. Moss, Watershed Scientist, Wayne-Hoosier National Forest (July 
1981). The Wayne National Forest is divided into three major units and encom 
passes a total area of 833,000 acres in southeastern Ohio; 175,000 acres of this land 
are Federally owned and managed (fig. 7). Woodland makes up 64 percent of the 
forest area.

All three units of the Wayne National Forest lie within the Allegheny Plateau 
physiographic province. The forest is underlain by rock of Pennsylvanian and 
Permian age. The bedrock is composed of sandstones, siltstone, mudstones, shales, 
clays, limestones, and coals. All strata slope gently to the southeast at approxi 
mately 20-30 ft/mi.

Most of the land surface is dissected by drainage erosion, which cuts steep, 
V-shaped valleys and leaves narrow ridge tops. Elevations range from 485 to 1,400 
ft, with the steepest relief occurring near the forest's major rivers. The larger 
river valleys, which are broad and filled with glacial sands and gravels, are the only 
reliable sources of ground water in the forest.

The climate of the Wayne National Forest is classified as continental, with 
large annual and daily ranges in air temperature. Summer high temperatures 
normally exceed 90 F for about 15 days, and, during an average winter, low 
temperatures drop to 0 F for about 5 days. Precipitation over the forest averages 
about 40 in. yearly, only a small fraction of which falls in the form of snow. 
Rainfall during the summer months is slightly greater than at other times of the 
year due to an increase in thunderstorm activity.
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Available Hydrologic Information

Supplemental data K (p. 308) contains NAWDEX listings 1, 2, and 3 for the 
Wayne National Forest study area. These listings index 'the sources of the available 
data on streamflow and stage, the quality of surface water, and the quality of 
ground water. Annotated bibliographies of references pertinent to coal mining and 
water resources in this area are found in supplemental data L (p. 328). Refer to 
page 8 for an explanation of criteria for selection of the references in each of 
these three summaries.

NAWDEX indexes five wells for the Wayne National Forest area in supple 
mental data K, listing 3 (p. 325). The U.S. Geological Survey's GWSI File contains 
information for 15 wells, and the files of the Survey's Ohio District office contain 
ground-water-quality analyses for 12 wells sampled from 1964 to 1972. Records 
for over 500,000 wells in Ohio are maintained in the Ground- Water Inventory 
Section of the Ohio Department of Natural Resources, Division of Water. These 
data are not in machine-readable form, but the Section has demonstrated its 
capability for locating and supplying information by filling over 4,000 requests each 
year. The Section has on file well -completion logs, water-level records, and 
unpublished theses and dissertations on ground water in Ohio. To obtain informa 
tion from this agency, contact:

The Ohio Department of National Resources 
Division of Water 
Fountain Square, Building B 
Columbus, Ohio

Telephone: (614) 466-7896

Evaluation of Coverage

For the Wayne National Forest area, streamflow and stream- water-quality 
data are not as extensive as the lengths of listings 1 and 2 in supplemental data K 
(p. 309 and p. 312) would seem to indicate. Only 9 of the 28 streamflow stations 
indexed in supplemental data K, listing 1 (p. 309), have data collected before 1980. 
Of the 188 surface-water-quality stations indexed by NAWDEX for this study, 93 
are associated with intensive data-collection efforts by the U.S. Environmental 
Protection Agency at the Hocking River and Raccoon Creek abandoned mine sites 
in 1970 and 1971.

The bulk of the available ground-water information managed by the Ohio 
Department of Natural Resources, Division of Water, is not stored on automatic 
data-processing equipment. Collating and organizing the ground-water data for the 
Wayne National Forest area may require significant effort before analysis and 
interpretation can begin.
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Studies of the effects of mining and reclamation on small-basin, lake, and 
subsurface water resources are relatively abundant for areas in Ohio outside the 
Wayne National Forest area. Generally, however, studies of any kind that assess 
the hydrologic systems within the forest area are lacking.

Other deficiencies are apparent from a study of the references in supple 
mental data L (p. 328) and table 4 (p. 12):

(1) Investigations that apply numerical simulation techniques to the modeling of 
the flow and quality of both ground and surface water are lacking.

(2) Studies which regionalize the availability, flow, and quality of the ground- 
water resource are nonexistant.

Suggested Plan for Future Hydrologic Study

To extend the available resources and expertise, it is suggested that a study 
be undertaken to apply, calibrate, and verify small-basin, streamflow and water- 
quality models. The purpose of this study would be to predict runoff in response to 
rainfall and to model small-stream sedimentation and water-quality character 
istics. This effort would probably require adding to the existing base of 
streamflow, rainfall, and water-quality data available for the Wayne National 
Forest area.

Ground-water and well data need to be inventoried, organized, and evaluated 
before a portion of the forest can be intensively studied. That portion can be an 
area of known, mineable coal resources, and be representative of a sizable fraction 
of the entire forest. The study needs to define natural ground-water quality and 
flow, evaluate the existing influences of coal mining (including those of the mine 
spoils) on the ground-water resources, and provide a basis on which to predict 
future conditions, possibly by using computer models. Based on the findings and 
the experiences in conducting this study, a strategy can be developed to obtain the 
data and evaluate the ground-water resources for the other areas of the forest.

An intensive investigation of reclamation and water resources in the Wayne 
National Forest area is also suggested. The investigation can (1) determine the 
chemical-quality, benthic-invertebrate, and sedimentation characteristics of 
streams before mining; (2) evaluate the changes that occur in these characteristics 
during mining and reclamation; and (3) evaluate the effectiveness of reclaiming 
long-abandoned surface mines in improving stream water quality.
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Sources of Available Precipitation Information

Precipitation data are not as plentiful for the National forest areas as are 
other hydrologic data. Precipitation characteristics have a significant 'effect on 
the impacts of surface or deep mining on the terrestrial water resources of the 
National forests.

A multitude of agencies and programs collect precipitation data in the six 
National forest study areas addressed in this report. Probably the single most 
comprehensive set of climatological data for this Nation is available from the 
National Climatic Center (NCC). This agency can supply data on air temperature, 
dew point, heating and cooling degree days, rainfall, snowfall, barometric pressure, 
wind direction and speed, solar radiation, and sky cover for approximately 300 
National Weather Service stations nationwide. In addition, daily maximum and 

-minimum and total daily precipitation data are available from some 12,000 
cooperative observer stations. NCC offers a variety of services such as data and 
map reproduction, monthly and yearly summaries, preparation and analysis of 
special statistical summaries, and the evaluation of data records for specific 
analytical requirements. Information about data and services may be obtained by 
contacting NCC:

U.S. Department of Commerce
National Oceanic and Atmospheric Administration
Environmental Data and Information Service
National Climatic Center
Federal Building
Asheville, North Carolina 28801

Telephone: (703) 258-2850 Extension 683 
FTS: 672-0683

Two reports are available which reference the major sources of precipitation- 
quality data for the Nation (U.S. Department of Interior, Geological Survey, Office 
of Water Data Coordination, 1977; and Wisniewski and Kinsman, 1982). These 
reports provide descriptions of the major recent-past, present, and near-future 
precipitation monitoring efforts. The report by Wisniewski and Kinsman (1982) is 
especially useful because it is current and indexes information for 71 precipitation- 
quality networks. For each network, this report lists sponsoring agency, person to 
contact, parameters monitored, location, areal coverage, period of operation, and 
methods of sampling and analysis.

The Illinois State Water Survey can provide additional precipitation data not 
referenced in the preceding publications. This agency has available data from two 
network investigations it conducted in southern Illinois the Shawnee Rain Guage 
Network (1967-70), and the Little Egypt Rain Gauge Network (1957-67). For 
further information about these and other precipitation data and services available 
from the Illinois State Water Survey contact:

Mr. John Vogel, Assistant Section Head, Meteorology
Illinois State Water Survey
P.O. Box 5050
Station A
Champaign, Illinois 61820

Telephone: (217)333-4261 
FTS: 957-4261
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SUMMARY OF SUGGESTED PLANS

A summary of suggested plans for future hydrologic work in all six National 
forest areas is presented in table 5. Note that the final suggestion is to be 
considered for all the forest areas. In general, hydrologic information specific to 
the water quality of the lakes and impoundments in these National forests is 
deficient. These are highly visible, hydrologically important water bodies, but 
there is little knowledge about the water quality of most of them. To provide at 
least a minimal basis for evaluating the potential impacts of mining, a reconnais 
sance of all natural, last-cut, and other man-made lakes and impoundments in all 
six National forest areas is therefore suggested.

At least two other investigations are suggested for every National forest 
area: (1) application of numerical techniques to model streamflow, water-quality, 
and sedimentation characteristics in small watersheds, and (2) regional ground- 
water assessments (with or without the use of numerical simulation techniques) 
specific to each of the forest areas. The objective of both of these studies is to 
evaluate the hydrologic systems as they are affected or potentially affected by 
coal mining and reclamation. Both are fundamental to any further detailed 
analysis of the hydrologic regime, such as would be done in a tract environmental 
assessment.

At this time, there are not sufficient resources to conduct surface-water 
modeling and ground-water assessments independently in each National forest 
study area. It is suggested that pairs of Geological Survey districts jointly 
undertake these two efforts for their areas, thereby combining manpower and 
expertise, and extending the areas of application. Because Kentucky and Ohio do 
not have automated ground-water-data bases, it is suggested that initially these 
districts independently conduct the ground-water assessments in their forest areas 
on a small scale. For assessment of the ground water in the other forest areas and 
for surface-water modeling in all the study areas, it is suggested that the forest 
areas be combined into the following three pairs:

(1) The Daniel Boone and the Wayne National Forest areas (involving the 
Kentucky, Tennessee, and Ohio Districts of the Geological Survey).

(2) The Hoosier and the Shawnee National Forest areas (involving the Indiana and 
Illinois Districts of the Geological Survey).

(3) The Jefferson and Monongahela National Forest areas (involving the Mid- 
Atlantic and West Virginia Districts of the Geological Survey).

Pairing of the forests in this manner is based on the proximity to one another and 
physiographic similarities.

In addition to those discussed above, there are one or two additional 
investigations recommended for each forest area (table 5). These additional 
studies reflect the peculiar hydrologic informational needs of particular geographic 
areas, or take into account the special talents, strengths, or interests of the 
specific districts.



Table 5.  Summary of investigations suggested 
for each National forest area

A. Daniel Boone National Forest

(1) Intensively study ground-water systems in a representative portion 
of forest.

(2) Develop a regional ground-water investigation of the entire forest.
(3) Kentucky-Ohio joint application of numerical models to streamflow, 

water quality, and sedimentation characteristics in selected small 
basins of the forests.

(4) Intensively study the net effects of coal mining and reclamation 
on the forest's larger watersheds.

B. Hoosier National Forest

(1) Indiana - Illinois joint investigation to define ground-water resources 
in forest areas.

(2) Indiana - Illinois joint investigation to study the water quality in 
last-cut lakes and flow interrelationships between ground-water and 
lake systems.

(3) Indiana - Illinois joint application of numerical models to stream- 
flow, water quality, and sedimentation characteristics in selected 
small basins of the forests. .

C. Jefferson National Forest

(1) Virginia - West Virginia joint investigation to evaluate ground-water 
systems in forest lands.

(2) Evaluate aquifer properties, water quality, and sediment characteristics 
in and around a reservoir system located in a coal-producing area of 
the forest.

(3) Virginia - West Virginia joint application of numerical models to
streamflow, water quality, and especially sedimentation characteristics 
in selected mined and reclaimed basins of the forests.

D. Monongahela National Forest

(1) Separate the effects of surface and deep mining on the hydrologic 
system.

(2) West Virginia - Virginia joint investigation to evaluate ground-water 
systems in forest lands.

(3) West Virginia - Virginia joint application of numerical models to
streamflow, water quality, and especially sedimentation characteristics 
in selected mined and reclaimed basins of the forests.
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Table 5. Summary of investigations suggested for 
each National forest area Continued

E. Shawnee National Forest

(1) Illinois - Indiana joint investigation to define ground-water resources 
in forest areas.

(2) Illinois - Indiana joint application of numerical models to stream- 
flow, water quality, and sedimentation characteristics in selected 
small basins of the forests.

(3) Illinois - Indiana joint investigation to study the water quality
in last-cut lakes and flow interrelationships between ground water and 
the lake systems.

(4) Identification and estimating the populations of biota in forest streams,

F. Wayne National Forest

(1) Ohio - Kentucky joint application of numerical, models to streamflow, 
water quality, and sedimentation characteristics in selected small 
basins of the forests.

(2) Intensively study ground-water systems in a representative portion 
of the forest.

(3) Develop a regional ground-water investigation of the entire forest.
(4) Evaluate the effects of mine reclamation on the water resources of 

selected sites.

G. All Forest Areas

(1) Hydrologic reconnaissance of all major lakes and impoundments.
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Figure 8 suggests a sequence and estimates a duration for the investigations 
presented in table 5. Since the scope of each of these investigations must yet be 
developed, cost estimates for the work in this report can only be considered rough 
approximations. For project years 2 to 4, the sum total of estimated project costs 
is 1.5 million dollars per year. For project years 1, 5, and 6, the funding required is 
about half that amount. Timing and duration suggestions for these projects are 
also approximate, and are very dependent upon district schedules and competing 
priorities.

The hydrologic investigations suggested in this report are not fully developed 
with regard to scope and approach; only very general descriptions of the purposes 
and objectives of the suggested studies are presented. The tasks of gathering, 
organizing, and evaluating all existing information and developing a sound and 
thorough project plan remain. These are time-consuming tasks that require 
considerable effort be spent studying existing information. However, only after 
such effort is expended can a proposed investigation truly take shape.

The NAWDEX listings in supplemental data A, C, E, G, I, and K index more 
monitor ing-station data for some National forest areas than for others. This report 
cannot analyze how many of these data are needed; it can only identify relative 
deficiencies. However, it is safe to say that all the data necessary to perform the 
suggested investigations are not now available.

There is a tendency to rely heavily on computer modeling techniques to gain 
an understanding of the hydrology of an area where little or no water resources 
data are available. However, to be applied properly, these techniques still require 
the user to pay strict attention to the type, form, amount, and quality of data 
applied to the anlysis. Even with these powerful analytical tools, a significant 
portion of the effort in the proposed hydrologic studies must still be for design of 
the networks, and the collection, verification, organization, and processing of the 
data.
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SUPPLEMENTAL DATA A

NAWDEX listings of sources of monitoring-site data found in 
the Daniel Boone National Forest study area.
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SUPPLEMENTAL DATA A: LISTING 1

Sources of streamflow and stage data in the Daniel Boone National 
Forest area.
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SUPPLEMENTAL DATA A: LISTING 2

Sources of surface-water-quality data in the Daniel Boone 
National Forest area.
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SUPPLEMENTAL DATA A: LISTING 3

Sources of ground-water-quality data in the Daniel Boone National 
Forest area.
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SUPPLEMENTAL DATA B

Annotated bibliography of investigations pertinent to coal mining and 
water resources in the Daniel Boone National Forest study area.
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SUPPLEMENTAL DATA B: SUMMARY 1

Annotated bibliography of hydrologic studies performed in 
small areas of the Daniel Boone National Forest area.
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REFERENCE CODE; DB/S1-1

TITLE; Influences of Strip Mining on the Hydrologic Environment of Parts 
of Beaver Creek Basin, Kentucky

GEOGRAPHICAL AREA: Beaver Creek Basin, Kentucky 
Wayne County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The series of reports, that is being published by the U.S. Geological 
Survey as Professional Paper 427, is the' product of a cooperative study by 
several Federal and State agencies. The physical environment of the study 
areas and the history of mining in the basin are described in the first 
report, Professional Paper 427-A (Musser, 1963). Results obtained during 
the study period 1955-59 and definitions of terms are given in the second 
report, Professional Paper 427-B (Collier and others, 1964). The third 
report, Professional Paper 427-C (Collier, Pickering, and Musser, 1970), 
described the results of the investigation since 1955 with emphasis on the 
period 1959-66. With the end of the 1966 water year, the project became 
dormant until the 1974 water year when the project was reactivated for 1 
year. The purpose of the reactivation was to determine the changes in the 
hydrologic characteristics of Cane Branch after the intervening 7 years.

PUBLISHED REPORTS AND(OR) ARTICLES; 
(Soon to be published) 
McCabe, J. A., Influences of strip mining on the hydrologic environment of

parts of Beaver Creek basin, Kentucky, 1973-74; U.S. Geological
Survey Professional Paper 427-D.

Collier, C. R., Pickering, R. J., Musser, J. J., 1970, Influences of strip 
mining on the hydrologic environment of parts of Beaver Creek basin, 
Kentucky 1955-66; U.S. Geological Survey Professional Paper 427-C, 
80 p.

U.S. Geological SurveyMcCabe, J. A., 1970, Precipitation and runoff; 
Professional Paper 427-C, p. C5-C9.

Hopkins, H. T., and Mull, D. S., 1970, Groundwater; U.S. Geological Survey 
Professional Paper 427-C, p. C9-C14.

Musser, J. J., and Pickering, R. J., 1970, Geochemistry of water: U.S. 
Geological Survey Professional Paper 427-C, p. C14-C30.

Collier, C. R., 1970, Erosion and sedimentation; U.S. Geological Survey 
Professional Paper 427-C, p. C31-C46.

Henly, J. P., 1970, Stream bottom fauna: U.S. Geological Survey Pro 
fessional Paper 427-C, p. C46-C49.

Sheridan, J. R., 1970, Fish population: U.S. Geological Survey Pro 
fessional Paper 427-C, p. C50-C53.
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REFERENCE CODE; DB/Sl-l--Continued.

Weaver, R. H., and Nash, H. D., 1970, Microbiology of streams: U.S. 
Geological Survey Professional Paper 427-C, p. C53-C57.

Sigafoos, R. S., 1970, Tree growth: U.S. Geological Survey Professional 
Paper 427-C, p. C57-C59.

Collier, C. R., and others, 1964, Influences of strip mining on the hydro- 
logic environment of parts of Beaver Creek basin, Kentucky, 1955-59: 
U.S. Geological Survey Professional Paper 427-B, 85 p.

Musser, J. J., 1963, Description of physical environment and of strip- 
mining operations in parts of Beaver Creek basin, Kentucky: U.S. 
Geological Survey Professional Paper 427-A, 25 p.

REFERENCE CODE; DB/S1-2

TITLE; Effectiveness of Surface Mine Sedimentation Ponds 

GEOGRAPHICAL AREA; Breathitt and Perry Counties, Kentucky

PURPOSE, OBJECTIVE, AND(OR) RESULTS;
Nine sedimentation ponds at surface coal mining operation in Pennsylvania, 
West Virginia, and Kentucky were evaluated for reducing suspended solids 
in storm runoff. The ponds were sampled during baseline and rainfall 
events. Theoretical and actual suspended solids removal efficiencies were 
compared. Major problems resulted from poor construction and inadequate 
maintenance. Suspended solid removal efficiencies were generally much 
lower essentially correct under baseline conditions. Generally, theo 
retical removal efficiencies were much higher than actual efficiencies 
during rainfall.

PUBLISHED REPORTS AND(OR) ARTICLES;
Kathuria, D. V., Nawrocki, M. A., and Becker, B. C., 1976, Effectiveness of

surface mine sedimentation ponds: Hittman Associates, Inc.,
Columbia, Maryland, EPA-600/2-76-117, 100 p.

AVAILABLE FROM;
The National Technical Information Service
Springfield, Virginia 22161
as PB-258 917
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REFERENCE CODE: DB/S1-3

TITLE; Study of Water Quality of Laurel Lake 

STARTING DATE: May 1975

GEOGRAPHICAL AREA; Laurel River basin, Kentucky 

AREAL EXTENT; 300 mi 2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Current sampling activities are designed to define existing water-quality 
conditions in and downstream of the reservoir and its tributaries. Once 
sufficient physical, chemical and biological data are collected, means to 
alleviate existing and anticipated water-quality problems will be studied.

DATA AVAILABLE FROM; 
Corps of Engineers 
Nashville District 
P.O. Box 1070 
Nashville, Tennessee 37202

REFERENCE CODE; DB/S1-4

TITLE; Floods on Triplett Creek in Vicinity of Morehead, Kentucky 

COMPLETION DATE; 1969

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
This report was prepared by the U.S. Geological Survey to further the 
objectives of the Appalachian Regional Commission. It presents hydrologic 
data that can be used to evaluate the extent depth and frequency of floods 
that affect the economic development of flood plains of Triplett Creek and 
its tributaries in a selected area at Morehead, Kentucky. The data provide 
a technical basis for solving existing flood-plain problems and formu 
lating regulations for land use and development that will reduce future 
flood damage. The report will be useful for preparing building and zoning 
regulations, locating waste disposal and water treatment facilities, and 
developing recreational areas.

The approximate areas that would be inundated by floods with 5-, 25-, and 
50-year recurrence intervals on Triplett Creek and its tributaries in the 
vicinity of Morehead are shown on the topographic map.

PUBLISHED REPORTS AND(OR) ARTICLES;
Hannum, C. H., 1969, Floods in Triplett Creek in vicinity of Morehead,

Kentucky: U.S. Geological Survey Hydrologic Investigations Atlas HA-
342.
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REFERENCE CODE; DB/Sl-5

TITLE; The Effects of Strip Mining on the Microbiology of a Stream Free 
from Domestic Pollution

GEOGRAPHICAL AREA; McCreary County, Kentucky

PURPOSE, OBJECTIVES AND(OR) RESULTS;
The microflora of Cane Branch, McCreary County, Kentucky, which drains a 
strip-mined area, and Helton Branch, which drains a similar but non-mined 
area, were studied to determine the biological effects of acid mine drain 
age. Numbers and types of bacteria, fungi, yeasts, and algae from both 
surface and bottom samples, as well as temperature and pH were studied to 
learn the changes of ecology with dilution and recovery. These data are 
tabulated by season and stream. Iron oxidizing bacteria appear to be 
indigenous in acid mine water and directly associated with acid formation. 
Ferrobacillus ferroxidans was found in Cane Branch in all seasons, but only 
in summer in Helton Branch. The lowering of pH to 3.0-4.1 from 6.3-6.7, 
with an increase in sulfates and almost total elimination of bicarbonate 
alkalinity, resulted in the alteration of microflora in Cane Branch, pri 
marily the establishment of F. ferroxidans. The role of fungi in stream 
chemistry is as yet unknown. Cane Branch algae growth and diversity of 
types increased with distance from the surface of pollution where bumil- 
leria, which is found only in streams with acid mine waste, was the only 
genus present.

PUBLISHED REPORTS AND(OR) ARTICLES;
Weaver, R. H., and Nash, H. D., 1968, The effects of strip mining on the 

microbiology of a stream free from domestic pollution: Symposium on 
Coal Mine Drainage Research, Mellon Institute, Pittsburg, Pennsyl 
vania.

AVAILABLE FROM;
Author
Kentucky University
Department of Microbiology
Lexington, Kentucky

REFERENCE CODE; DB/S1-6

TITLE; The Effects of Acid Mine Pollution on the Fish Population of 
Goose Creek, Clay County, Kentucky

GEOGRAPHICAL AREA; Clay County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
To appraise the effect of acid mine water discharged into a creek from a 
coal mine, the density of fish population was recorded by utilizing an 
electric shocker. The yield in the unpolluted part of the creek averaged 
61.3 Ibs/acre, whereas that in the polluted part only 5.38 Ibs/acre. About 
70 percent of shocked fish were recovered. The minimum economic loss 
caused by the pollution of the creek was estimated to be $13,325.
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REFERENCE CODE; DB/S1-6 Continued.

PUBLISHED REPORTS AND(OR) ARTICLES;
Turner, W. R., 1967, The effects of acid mine pollution on the fish popula 

tion of Goose Creek, Clay County, Kentucky: Biology of Water Pollu 
tion, p. 192-193.

AVAILABLE FROM;
Kentucky State Department of Fish and Wildlife Resources
Frankfort, Kentucky

REFERENCE CODE; DB/S1-7

TITLE; Fish and Benthic Populations of the New River, Tennessee

GEOGRAPHICAL AREA; New River, Big South Fork, and Clear Fork River basins,
northeastern Tennessee

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The objective of this study is to provide information on the benthic and 
fish populations that occur in the system under study. Twenty-two sampling 
stations on the New River and Big South Fork, and six stations on the Clear 
Fork River were established for collection of benthic macroinvertebrate 
and fish populations. Benthic organisms were collected with a Surber 
sampler from riffle areas at each station. Fish population estimates were 
made using the catch per unit effort technique by electrofishing a confined 
area at each station except those too large for efficient sampling. High 
discharge areas were sampled with gill nets and electrofished for two 
hours. Alkalinity, pH, conductivity and temperature were also measured at 
each station.

Chemical analysis indicates that acid mine drainage as well as sedimen 
tation are serious problems in the New River Watershed. Benthic popula 
tions were seriously degraded in tributary streams stressed by acid mine 
drainage and in the main stem of the New River below these tributaries; 
however, there was a gradual improvement of benthic populations in the 
lower reaches of the New River and upper Big South Fork.

Fish populations were reduced at the seriously stressed stations; however, 
fairly high concentration of fish were found in the moderately stressed 
areas. Species of Cyprinidae, Catostomidae, Centrarchidae and Percidae 
were commonly collected at nearly all stations, and Ictaluridae was col 
lected at only a few stations. Game fish (Centrarchidae) represented a 
significant proportion of the fish populations at many of the stations and 
indicates that the potential for a productive fishery exists if environ 
mental conditions are improved.
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REFERENCE CODE; DB/Sl-7 Continued.

The Clear Fork River is a typically soft water system with low pH and 
alkalinity, indicating that this system is very fragile and cannot toler 
ate any inputs of acid mine drainage. Most of the tributaries and nearly 
all of the main stem of the New River show some degree of stress resulting 
from acid mine drainage and sedimentation originating from the coal-mined 
areas. Further biological analysis is needed to provide added insight into 
the existing biological conditions and establish a more workable set of 
baseline data needed for future monitoring. Identification of all tribu 
tary streams contributing degraded water quality to the New River that 
require reclamation should be ascertained by chemical and biological sam 
pling. (From author's abstract.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Brazinski, M. J., 1979, Fish populations of the New River, Tennessee, a

system receiving acid coal mine drainage; M.S. Thesis, Tennessee
Technological University, Cookeville, Tennessee.

Winger, P. V., Bettoli, P., Brazinski, M. J., and Lakey, C., 1977, Fish and 
benthic populations of the New River, Tennessee; Tennessee Techno 
logical University, Cookeville, final report to U.S. Fish and Wild 
life Service.

AVAILABLE FROM;
Tennessee Technological University
Cookeville, Tennessee 38501

REFERENCE CODE; DB/S1-8

TITLE; Strip Mine Drainage Water Quality with Emphasis on Toxic Substances 

STARTING DATE; June 1976

GEOGRAPHICAL AREA; Cumberland River basin, Fentress County, Tennessee

2
AREAL EXTENT; 6 mi

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The purpose of this study is to develop an easily used planning level model 
that can predict the potential impact of proposed mining scenarios on water 
quality and the downstream aquatic biota based on readily measurable phys 
ical site characteristics. Hydrologic data are being collected by the U.S. 
Geological Survey at three small watersheds in Fentress County, Tennessee, 
two of which have area mines in them, and the other is a background water 
shed. Over 20 water-quality constituents are measured, and aquatic biota 
samples are also taken. In addition, the Geological Survey cooperates 
(through partial funding) with the University of Tennessee to collect 
hydrologic and water-quality data at six small watersheds in the New River 
basin (Scott and Anderson Counties, Tennessee). The U.S. Geological Sur 
vey collects the hydrologic data at these six watersheds, one of which is 
background; the other five contain contour mines.
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REFERENCE CODE; DB/S1-8 Continued,

REPORTS (if any) AVAILABLE FROM; 
Division of Water Management 
Tennessee Valley Authority 
448 Evans Building 
Knoxville, Tennessee

REFERENCE CODE; DB/S1-9

TITLE; Effects of Acid Mine Drainage on the Stream Ecosystem of the East 
Fork of the Obey River, Tennessee

COMPLETION DATE; 1973

GEOGRAPHICAL AREA; Fentress County, Tennessee

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The stream ecosystem of the East Fork Obey River, Tennessee, was studied 
from January 1970 through December 1970. Emphasis centered on four phases 
of study; water qualtiy, macroinvertebrates, fish, and aquatic flora 
affected by acid mine drainage. Two control stations were established on 
the study area, one located above the pollution zone and the other located 
below the zone of pollution. A reservoir station was also established to 
detect any neutralization occurring within the reservoir below the con 
fluence of the East Fork and West Fork.

Various water-quality parameters for Dale Hollow Reservoir, a 30,000-acre 
Corps of Engineers' impoundment of the Obey River, were studied from Feb 
ruary 1971 through January 1972. Emphasis was focused upon the effects of 
acid mine drainage which enters the impoundment from one of the tribu 
taries. The investigation involved two major objectives: completion of a 
comprehensive survey of parameters related to water quality, and determina 
tion of changes caused by acid mine drainage.

PUBLISHED REPORTS AND(OR) ARTICLES;
Nicholas, L. E., Jr., and Bulow, F. J., 1973, Effects of acid mine drainage

on the stream ecosystem of the East Fork of the Obey River, Tennessee;
Journal of the Tennessee Academy of Science, 48(1), p. 30-39.

Nicholas, L. E., 1973, A study of the effects of acid mine drainage on the 
stream ecosystem of the East Fork Obey River, Tennessee; M.S. Thesis, 
Tennessee Technological University, Cookeville, Tennessee.

Ragsdale, E. L., 1975, Some aspects of water quality in Dale Hollow Reser 
voir, Tennessee, with emphasis on the effects of acid mine drainage: 
M.S. Thesis, Tennessee Technological University, Cookeville, 
Tennessee.

Ragsdale, E. L., and Bulow, F. J., 1975, Possible effects of acid mine 
drainage on the water qualtiy and fish populations of Dale Hollow 
Reservoir, Tennessee and Kentucky: Journal of the Tennessee Academy 
of Science, 50(3), p. 91-95.
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REFERENCE CODE; DB/S1-9 Continued,

AVAILABLE FROM;
Authors
Tennessee Technological University
Cookeville, Tennessee

REFERENCE CODE; DB/S1-10

TITLE; An Ecological Survey of the West Fork of the Obey River, Tennessee 

GEOGRAPHICAL AREA; West Fork and Obey River basins, Tennessee

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
A 1-year study of the West Fork of the Obey River in Over ton County, 
Tennessee, was undertaken to survey the water quality, benthic macro- 
invertebrate population, and fish population. A secondary objective was 
to determine the effects of acid mine drainage from a small intermittent 
tributary stream, Cub Creek.

Water quality immediately below the zone of pollution was only slightly 
affected. A precipitate resulting from the reaction of sulfuric acid and 
iron salts with carbonates covered the bottom below the sources of pollu 
tion, thereby reducing the total numbers and taxonomic diversity of the 
benthic macroinvertebrate and fish populations. Cub Creek had a local 
ized, detrimental effect on the water quality, benthos, and fish popula 
tions in the West Fork.

Thirteen water-quality parameters were monitored. Twenty-five invertebrate 
families and 29 species of fishes were identified. (Author's abstract.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Carrithers, R. B., and Butow, F. J., 1973, An ecological survey of the West 

Fork on the Obey River, Tennessee, with emphasis on the effects of 
acid mine drainage; Journal of the Tennessee Academy of Science, v. 
48, no. 2, p. 65-72.

Carrithers, R. B., 1971, An ecological survey of the West Fork of the Obey 
River, Tennessee, with special emphasis on the effects of acid mine 
drainage; M.S. Thesis, Tennessee Technological University, Cookeville, 
Tennessee

AVAILABLE FROM;
Authors
Tennessee Technological University
Cookeville, Tennessee 38501
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REFERENCE CODE: DB/S1-11

TITLE: A Survey of the Benthic Macroinvertebrates of Dale Hollow Reser 
voir, Tennessee, with Emphasis on the Effects of Coal Mine Drainage

GEOGRAPHICAL AREA; Overton County, Tennessee

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
A 1-year study of the benthos of Dale Hollow Reservoir, Tennessee, was 
conducted to compare the benthos of that portion of the reservoir affected 
by acid mine drainage to that portion of the reservoir unaffected by acid 
mine drainage. A second objective was to determine if benthos productivity 
corresponded to the greater numbers and more pounds of fish caught per hour 
within the three areas of the reservoir where the Tennessee Game and Fish 
Commission was collecting creel census data.

Benthos in the East Fork embayment, occasionally affected by acid mine 
drainage, did not appear to be appreciably different in qualitatively from 
the benthos in the West Fork embayment. Benthos tolerant to acid mine 
drainage were present in both embayments. The East Fork transect had an 
average of 70.5 organisms per square foot. The West Fork had an average of 
149.4 organisms per square foot.

There were greater numbers of macrobenthic organisms at the Wolf River 
transect than at the Obey River transect or the reservoir proper. Creel 
census data indicated greater numbers, and more pounds of fish per hour were 
caught by fishermen in the Wolf River embayment than in the Obey River 
embayment or the reservoir proper.

PUBLISHED REPORTS AND(OR) ARTICLES;
Scott, M. S., 1972, A survey of the benthic macroinvertebrates of Dale 

Hollow Reservoir, Tennessee, with emphasis on the effects of coal 
mine drainage: M.S. Thesis, Tennessee Technological University, 
Cookeville, Tennessee

AVAILABLE FROM;
Author
Tennessee Technological University
Cookeville, Tennessee
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SUPPLEMENTAL DATA B: SUMMARY 2

Annotated bibliography of studies concerning the influence of 
coal mining on the water resources of any small areas in 
Kentucky or Tennessee.
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REFERENCE CODE: DB/S2-1

TITLE; Stream Water Quality in the Coal Region of Kentucky 

GEOGRAPHICAL AREA; Selected counties in the Appalachian coal region

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
This study was undertaken with the primary objective of establishing a 
water-quality data base for small, first-order unmined and surface-mined 
watersheds throughout Appalachia. There is a need for data which explicity 
show changes in water quality attributable to both old and recent surface 
mining. Most previous water-quality data in the study area were from water 
sheds so large that it was impossible to isolate the effects of surface 
mning from the confounding effects of other activities of man.

Small streams were sampled in selected counties in the State where coal is 
surface mined. Sampling was at approximate monthly intervals. The water- 
quality data from these streams are presented in this report and should 
help fill the need for data from small watersheds in Appalachia.

PUBLISHED REPORTS AND(OR) ARTICLES;
(Soon to be published)
Dyer, K. L., Stream water quality in the coal regions of Kentucky, Part 2 

of Water quality of Appalachia: U.S. Department of Agriculture, For 
est Service, Berea, Kentucky.

AVAILABLE FROM;
U.S. Department of Agriculture
Forest Service
Northeastern Forest Experiment Station
Route 2, Kentucky Highway 21 East
Berea, Kentucky 40403

REFERENCE CODE; DB/S2-2

TITLE; Effects of Coal Mining on the Hydrologic Environment, Pike 
County, Kentucky

STARTING DATE; July 1975

GEOGRAPHICAL AREA: East-central Kentucky

AREAL EXTENT; 6 mi 2

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Surface mining for coal upstream from Fishtrap Reservoir, Pike County, 
Kentucky, has altered the natural environment considerably. Ongoing in 
vestigations have shown a marked increase in sediment loads in streams, an 
extremely high rate of sedimentation of the reservoir, and deterioration 
in chemical quality of water in the streams and reservoir. A unique 
opportunity for studying the hydrologic environment before, during, and
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REFERENCE CODE; DB/S2-2 Continued.

after surface mining exists in the watershed of Grapevine Creek. Data on 
sediment and acid production by strip-mine operations would be useful to 
action agencies in controlling and managing mining activities and 
practices, and in planning and designing future reservoirs. The objec 
tives of this study are: (1) To establish a data base for the unmined 
Grapevine Creek basin including streamflow, chemical quality, sediment, 
land use, and physiographic characteristics; (2) to record the effects of 
surface mining on sediment loads and pollution of streams and to relate 
these effects to changes in the use of land surface by comparison with data 
predating mining; (3) to record the effects of required reclamation on the 
above parameters for a period of several years, using the study in the 
Beaver Creek basin, McCreary County, Kentucky, as a model. Streamflow, 
water quality, and physiographic data are to be collected before and during 
the period of mining and reclamation. A stream-gaging and automatic sedi 
ment-sampling station will be installed and operated at the mouth of Dicks 
Fork, one of the tributaries to be mined. A similar station on Grapevine 
Creek is in operation and will be maintained. Chemical-quality data will 
be collected monthly at these two stations and periodically at about 10 
other tributaries to Grapevine Creek. The physiographic parameters will 
be compiled from aerial photographs, maps, and field observations to 
cover the mined and non-mined tributaries.

PUBLISHED REPORTS AND(OR) ARTICLES;
(Soon to be published)
Dysart, J. E., Hydrology and surface-water quality of the Grapvine Creek 

basin, Pike County, Kentucky: U.S. Geological Water-Resources In 
vestigation.

(Soon to be published)
Dysart, J. E., Effects of coal mining on small streams of the Levisa Fork 

basin, Kentucky: U.S. Geological Survey Water-Resources Investiga 
tion.

(Soon to be published)
Dysart, J. E., Downstream effects of coal mining on the surface-water

quality of the Levisa Fork basin, Kentucky-Virginia: U.S. Geological
Survey Water-Resources Investigation.

NAME AND ADDRESS OF INVESTIGATOR;
Author
U.S. Geological Survey, WRD
600 Federal Place
Louisville, Kentucky 40204
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REFERENCE CODE; DB/S2-3

TITLE: Water from Coal Mines in Johnson and Martin Counties, Kentucky 

STARTING DATE; July 1975

GEOGRAPHICAL AREA; Eastern Kentucky

2
AREAL EXTENT; 495 mi

PURPOSE, OBJECTIVES, AND(OR) RESULTS; ,
Small communities in eastern Kentucky historically have had problems of 
water supply. The recent increase in coal-mining activity and the result 
ing increase in population has in some communities placed critical demands 
on the existing water supplies. In addition, many communities can expect 
limited economic growth and development due to the lack of a dependable 
source of water. A possible source of water is abandoned coal mines. This 
investigation is the first attempt to evaluate abandoned coal mines as 
potential sources of water. Definition of the factors that control the 
utilization of abandoned mines for this purpose could have significant 
impact on the economic growth and development of small communities in 
eastern Kentucky. The purpose of this study is to provide industries, 
communities, and individuals with geologic and hydrologic information on 
potential water supplies from coal mines. The objectives of this study are 
to: (1) Inventory mines which are supplying water and determine what 
construction techniques were used to develop the water supply from each 
mine; (2) measure the yield from each mine. Estimates of yield may be 
obtained from former mine employees. Modified pumping tests may be used 
where mines are tapped by drilled wells. Water flowing from mines may be 
measured with current meter or stopwatch and bucket; (3) conduct field 
tests for pH, specific conductance, total acidity/alkalinity, collect sam 
ples for laboratory analysis for chemical constituents and fecal and total 
coliform; (4) draw maps showing the regional correlation of water-produc 
ing coal mines.

PUBLISHED REPORTS AND(OR) ARTICLES; 
(Soon to be published) 
Mull, D. S., Cordiviola, S., Rissef, D. W., Water from underground coal

mines in Johnson and Martin Counties, Kentucky: U.S. Geological
Survey Water-Resources Investigation.

NAME AND ADDRESS OF INVESTIGATOR;
Authors
U.S. Geological Survey
600 Federal Place
Louisville, Kentucky 40202
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REFERENCE CODE; DB/S2-4

TITLE; Effect of Surface Mining on Storm Flow and Peak Flow from Six 
Small Basins in Eastern Kentucky

GEOGRAPHICAL AREA; Eastern Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Hydrologic records from six small eastern Kentucky watersheds were ana 
lyzed to determine the effect of surface mining on storm flows and peak 
flows. Average storm-flow volumes were not changed by surface mining, 
whereas average peak flows were increased 36 percent. Peak flow increases 
were only in the summer. Smaller peak flows are doubled; moderate ones are 
increased by about a third; peak flows around 100 csm seem to be largely 
unaffected; and the larger peak flows may have been reduced by surface 
mining. The maximum annual storm flows, usually in winter or spring, 
appeared slightly reduced. No time trend in either storm flows or peak 
flows could be detected in 5 years of postmining record. Surface mining is 
not a serious floodwater discharge problem. (Author's abstract.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Bryan, B. A., and Hewlett, J. D., 1981, Effect of surface mining on storm 

flow and peak flow from six small basins in eastern Kentucky: 
American Water Resources Association, Water Resources Bulletin, v. 
17, no. 2, p. 290-299.

Bryan, B. A., and Hewlett, J. D., 1979, The effect of strip mining on the 
headwater hydrograph of eastern Kentucky: Symposium on Surface Min 
ing Hydrology, Sedimentology, and Reclamation, Lexington, Kentucky, 
1979, p. 51-55.

AVAILABLE FROM;
Authors
School of Forest Resources
Athens, Georgia 30602

REFERENCE CODE; DB/S2-5

TITLE; Surface Mining and the Hydrologic Balance

GEOGRAPHICAL AREA; Breathitt County, Kentucky, and Raleigh County,
West Virginia

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Research by the U.S. Forest Service at Berea, Kentucky, has shown that 
surface mining results in increases in storm peak flows during and im 
mediately after mining, but that peaks may be significantly lower after 
reclamation is completed. Data from experimental sites in Breathitt 
County, Kentucky, and Raleigh County, West Virginia, during major rain 
storms on April 4, 1977, and December 8, 9, and 10, 1978, showed that
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streamflow from surface-mined watersheds peaked lower than that from adja 
cent or nearby unmined watersheds. Impoundments on surface-mined lands 
can be effective in controlling runoff and erosion provided the ponds are 
properly constructed. Erosion and subsequent sedimentation are greatest 
during early stages of mining, but diminish rapidly as the land is re 
claimed and vegetation growth progresses. (From U.S. Department of Agri 
culture, Northeastern Forest Experiment Station, 1980).

PUBLISHED REPORTS AND(OR) ARTICLES;
Curtis, W. R., 1979, Surface mining and the hydrologic balance: Mining 

Congress Journal, p. 35-40.

Curtis, W. R., 1978, Effects of surface mining on hydrology, erosion, and 
sedimentation in eastern Kentucky: Fourth Kentucky Coal Refuse and 
Utilization Seminar, Pineville, Kentucky, Proceedings.

Curtis, W. R., 1977, Hydrological aspects of surface mining: Annual Meet 
ing of the Society of American Foresters, Albuquerque, New Mexico, 
Proceedings.

Curtis, W. R., 1977, Surface mining and the flood of April 1977: U.S. 
Department of Agriculture Forest Service Research Note, NE 248, 4 p.

Curtis, W. R., 1974, Sediment yield from strip mined watersheds in eastern 
Kentucky: Second Research and Applied Technology Symposium on Mined 
Land Reclamation, Louisville, Kentucky, Proceedings, p. 88-100.

Curtis, W. R., 1972, Strip mining increases flood potential of mountain 
watersheds: National Symposium on Watersheds in Transition, Fort 
Collins, Colorado, Proceedings, p. 357-360.

NAME AND ADDRESS OF INVESTIGATOR;
Author
U.S. Department of Agriculture
Northeastern Forest Experiment Station
Berea, Kentucky 40403

REFERENCE CODE; DB/S2-6

TITLE; Fluvial Sediment Study of Fishtrap and Dewey Lake Drainage Basins, 
Kentucky-Virginia

GEOGRAPHICAL AREA: Pike and Johnson Counties, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Fourteen drainage basins above Fishti
size from 1.68 to 297 mi in eastern
were studied to determine origin and magnitudes of sediment. Sediment

Fourteen drainage basins above Fishtrap and Dewey Lakes, and ranging in 
size from 1.68 to 297 mi in eastern Kentucky and southeastern Virginia
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yields from surface-mined area ranged from 2,890 to 21,000 tons/sq mi/yr, 
and from 732 to 3,470 tons/sq mi/yr from non-strip-mined areas. Water and 
sediment discharge from storms on surface-mined areas are similar to data 
from an earlier study in the Beaver Creek basin of Kentucky. Aerial photos 
are used to compare areas disturbed by surface and deep mining. Deposition 
rates and trap-efficiency figures are given. Chemical-quality studies 
indicate that man's activities have altered chemical quality of the water 
in Levisa Fork, but not greatly affected the chemical quality of the water 
in Johns Creek basin. (Author's abstract.)

PUBLISHED REPORTS AND(OR) ARTICLES:
Curtis, W. F., Flint, R. F., Russell, F., George, F. H., and Santos, J. F., 

1978, Fluvial sediment study of Fishtrap and Dewey Lakes drainage 
basins, Kentucky-Virginia: U.S. Geological Survey Water-Resources 
Investigations 78-037.

AVAILABLE FROM;
National Technical Information Service
Springfield, Virginia 22161
as AD-A 056-573

REFERENCE CODE: DB/S2-7

TITLE; Evaluation of the Volumes and Characteristics of Mine Waste 
Effluents of three Strip Mine Localities in Eastern Kentucky 
and Their Potential Environmental Impacts

GEOGRAPHICAL AREA: Breathitt, Perry, and Letcher Counties, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The three study sites in the Hazard Coal-Reserve District are all either on 
the North Fork of the Kentucky River, or on a tributary to the North Fork. 
One site is in Breathitt County, one in Perry County, and the third, where 
the study was of the shortest duration, in Letcher County. The report 
describes the stratigraphy of the coal beds, the soils, and site character 
istics, and gives results of analyses of overburden, coals, and water 
samples from mine effluents and receiving streams. Only at the site in 
Perry County, where the relatively high sulfur Hazard |9 coal was being 
mined, was acid drainage a potential problem. Increases in chemical param 
eters in mine effluents were reduced as mining ended and the sites were 
reclaimed. Sediment was judged to be much more of a problem than degrada 
tion of the chemical quality of the water. It was also concluded that 
using settling ponds to remove sediment was not a satisfactory control 
method in the hilly terrain of eastern Kentucky.

PUBLISHED REPORTS AND(OR) ARTICLES;
Leung, S. S., and Hester, N. C., 1978, Evaluation of the volumes and 

characteristics of mine waste effluents of three strip mine locali 
ties in eastern Kentucky and their potential environmental impacts: 
Eastern Kentucky University, Richmond, Kentucky, 297 p.
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REFERENCE CODE: DB/S2-8

TITLE; The Effects of Mine Acid on the Pond River Watershed in Western 
Kentucky

GEOGRAPHICAL AREA; Pond River Basin
Muhlenberg and Mclean Counties, Kentucky

2
AREAL EXTENT; 799 mi

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The effects of H0SO. formed in unreclaimed coal mines were discussed. The2 4 
acid was found to flow into lower swamp areas where it caused considerable
damage to the ecosystem. The major effect was the mass destruction of 
thousands of trees and various other phreatophtic plants, resulting in 
wildlife migrating out of the affected areas. New methods of mine acid 
abatment were considered to make mass reclamation of the area more realis 
tic now than in the past.

PUBLISHED REPORTS AND(OR) ARTICLES;
Dyer, R., 1977, The effects of mine acid on the Pond River watershed in

western Kentucky: U.S. Geological Survey Water-Resources Bulletin,
v. 13, no. 5, p. 1069-1074.

NAME AND ADDRESS IN INVESTIGATOR;
Author
Western Kentucky University
Bowling Green, Kentucky

REFERENCE CODE; DB/S2-9

TITLE; Effect of Strip Mining on Water Quality in Small Streams in Eastern 
Kentucky

GEOGRAPHICAL AREA; Breathitt County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Streamflow data are analyzed to show the effects of strip mining on chemi 
cal quality of water in six first-order streams in Breathitt County, 
Kentucky. All these watersheds were unmined in August 1967, but five have 
since been strip mined. The accumulated data from this case history study 
indicate that strip mining causes large increases in the concentration of 
most major dissolved constituents in the runoff waters, the concentration 
of most of these reaching a maximum sometime after mining has ceased, then 
holding steady for several years. The maximum concentration of dissolved 
salts occurred during the low flow of the dormant season, whereas maximum 
salt loads occurred during the high flow of the early part of the growing 
season. (From U.S. Department of Agriculture, Northeastern Forest Experi 
ment Station, 1980).
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PUBLISHED REPORTS AND(OR) ARTICLES;
Dyer, K. L., and Curtis, W. R., 1977, Effect of strip mining on water 

quality in small streams in eastern Kentucky, 1967-75: U.S. Depart 
ment of Agriculture Forest Service Research Paper NE 372, 13 p.

Curtis, W. R., 1973, Effects of strip mining on hydrology of small mountain 
watersheds in Appalachia; Ecology and Reclamation of Devastated 
Land, (R. J. Hutnik and Grant Davis, editors), v. 1, Gordon and 
Breach, New York, p. 145-157.

Curtis, W. R., 1972, Chemical changes in streamflow following surface 
mining in eastern Kentucky: Symposium on Coal Mine Drainage Re 
search, 4th, Mellon Institute, Pittsburg, Pennsylvania, Proceedings, 
p. 19-31.

NAME AND ADDRESS OF INVESTIGATOR;
Authors
U.S. Department of Agriculture
Northeastern Forest Experiment Station
Berea, Kentucky 40403

REFERENCE CODE: DB/S2-10

TITLE; Onsite Control of Sedimentation Utilizing the Modified Block- 
Cut Method of Surface Mining

GEOGRAPHICAL AREA; Perry and Letcher Counties, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
A detailed survey, including a geologic investigation, was conducted at 
the project site on Lower Lick Fork, Perry and Letcher Counties, Kentucky. 
The preliminary plans presented in this report include a description of the 
method, construction design and schedule, projected mine water quality and 
quantity, and estimates of capital and operating costs. (Author's ab 
stract.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Haan, C. T., 1977, Onsite control of sedimentation utilizing the modified 

block-cut method of surface mining: University of Kentucky, Kentucky 
Department of Natural Resources and Environmental Protection, and 
Watkins and Associates, Inc., Report to Laboratory, Cincinnati, Ohio, 
Interagency Energy-Environmental Research and Development Program Re 
port, EPA-600/7-77-068, 101 p.

AVAILABLE FROM;
The National Technical Informtion Service
Springfield, Virginia 22161
as PB-272 244.
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REFERENCE CODE; DB/S2-11

TITLE; Acid Lake Renovation

GEOGRAPHICAL AREA; Muhlenberg County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Five acid lakes created in 1967 during surface coal mining at the Peabody 
Coal Company's River Queen Mine in Muhlenberg County, Kentucky, were suc 
cessfully restored through treatment with limestone. The treatment ap 
plied was 44.8 metric tons of agricultural limestone/HA on problem areas 
within each lake's watershed, and certain extremely toxic areas caused by 
extensive waste coal and gob were covered by grading. The limestone was 
blown over the lake surface using a truck with blower attachment, except at 
lake 5 where only the watershed was treated. The lakes, all extremely 
acidic prior to treatment (pH 3.0-4.3), attained the state water-quality 
standard of pH 6.0 within 6 months, again with the exception of lake 5, 
which took 18 months. Renovation costs never exceeded estimated costs of 
draining and filling, and ranged from 10-100 percent of those costs. Before 
treatment, all lakes were devoid of fish, and fauna consisted primarily of 
chironomid and ceratopogonid larvae and a few aquatic beetle species. The 
only aquatic vascular plants were the Cattail Typhaslatiofolia (all lakes) 
and narrow-leafed Cattail T. Angustifolia (lake 2 only). After treatment, 
diverse communities of vertebrates and invertebrates appeared, mostly 
through natural invasion, but supplemented by fish stocking. Macro- 
invertebrate orders increased from four to nine; frogs, toads, turtles, 
and snakes appeared; and wetland birds and mammals appeared or increased.

PUBLISHED REPORTS AND(OR) ARTICLES;
Rosso, W. A., 1977, Acid Lake renovation: Symposium on Coal Mine Drainage 

Research, 7th, Louisville, Kentucky, 1979, p. 61-70.

AVAILABLE FROM; 
Peabody Coal Company 
Regional Lab 
Central City, Kentucky

REFERENCE CODE; DB/S2-12

TITLE; Sampling of Water Quality 

GEOGRAPHICAL AREA; Breathitt County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
To determine what frequency of sampling would provide the best estimate of 
water quality from the fewest samples; samples were analyzed weekly from 
six first-order streams in eastern Kentucky over 7 water years. Results 
indicate that baseline water quality can be adequately defined by sampling 
every 2 weeks for 1 year. Biweekly sampling was also adequate during and 
immediatly after surface mining. Monthly sampling was found to be gener 
ally adequate a year or more after mining was completed. Regression 
analyses indicated that specific conductance can be used to estimate the 
concentrations of dissolved solids and of dissociated ions such as cal 
cium, magnesium, and sulfate. (From U.S. Department of Agriculture, 
Northeastern Forest Experiment Station, 1980.)
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PUBLISHED REPORTS AND(OR) ARTICLES;
Curtis, W. R., 1976, Sampling for water quality; National Bureau of 

Standards Special Publication 464, Methods and Standards for Environ 
mental Measurements, IMR Symposium, 8H, Gaithersburg, Maryland, 1975, 
p. 237-244.

NAME AND ADDRESS OF INVESTIGATOR;
Author
U.S. Department of Agriculture
Northeastern Forest Experiment Station
Berea, Kentucky 40403

REFERENCE CODE; DB/S2-13

TITLE; Debris Basins for Control of Surface Mine Sedimentation 

COMPLETION DATE; June 1976

GEOGRAPHICAL AREA; Dicks Fork and Rhoades Branch watersheds, Pike County,
Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Dicks Fork and Rhoades Branch watersheds in hilly eastern Kentucky were 
shown to be acceptable sites for demonstration of the feasibility of debris 
basins in controlling water pollution. The sites are in areas where very 
little erosion-causing activity has occurred and where surface mining is 
to be initiated. Adjacent "virgin" watersheds were also selected for each 
study site to provide background data on water quality where man's activi 
ties have been very limited. Pertinent site information including flow and 
water-quality data were gathered. Cooperation agreements were signed by 
the various mining companies assuring access and data availability. 
(Adapted from author's abstract.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Kimball, R. L., 1976, Debris basins for control of surface mine sedimenta 

tion; Report of Kentucky Department for Natural Resources and Con 
servation and U.S. Environmental Protection Agency, Industrial Envi 
ronmental Research Laboratory, Cincinnati, Ohio, Environmental Pro 
tection Technology Series, EPA-600/2-76-108, 48 p.
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REFERENCE CODE; DB/S2-14

TITLE; Reclamation of Orphan Strip-Mined Land in Southern Illinois 
and Western Kentucky

GEOGRAPHICAL AREA; Clear Creek Swamp, Western Kentucky

2
AREAL EXTENT; 0.3 mi

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The Palzo Project is a 192-acre, surface-mined area which discharges acid 
drainage. It is being reclaimed by using sewage sludge as a spoil amend 
ment and then revegetating. Water quality in the creek that drains the 
area was monitored at seven sampling stations by both chemical and bio 
logical analyses. Various biological diversity indexes used as indica 
tions of pollution are discussed and evaluated and found to be misleading. 
In Kentucky, the Clear Creek Swamp area has been caused by the filling of 
stream channels by erosion from farmlands. Some parts of the swamp are 
affected by acid drainage from mining in the watershed. Both water quality 
and biota of the swamp were studied. (Gleason and Russell, 1977).

PUBLISHED REPORTS AND(OR) ARTICLES;
Leuthart, C. A., 1975, Reclamation of orphan strip mined land in southern 

Illinois and western Kentucky a field study of the Palzo Project of 
Williamson County, Illinois, and the Clear Creek Swamp of Webster and 
Hopkins Counties, Kentucky: Ph.D. Thesis, University of Louisville, 
University microfilms 75-25, 471, 225 p.

REFERENCE CODE: DB/S2-15

TITLE; Surface Mine Pollution Abatement and Land Use Impact Investigation 

GEOGRAPHICAL AREA; Breathitt County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Volume I of a five-volume series presents a general introduction to the 
physical, socioeconomic, and data characteristics of eastern Kentucky. 
Topics covered relating to the physical characteristics of eastern 
Kentucky include geology, topography, climate, water resources, pedology, 
vegetation, and minerals. A discussion of the population, education, 
employment, income, housing, and social and economic literature is in 
cluded in the section relating to the social and economic characteristics 
of the area. Water quality, coal geology, revegetation-reclamation, sat 
ellite and aerial imagery, and land use data are discussed,* and apparent 
data deficiencies are presented. Emphasis in the examination of each topic 
is on its relationship to the mining industry, or to land use and environ 
mental problems. A discussion of the Inventory Map of Surface Mined Lands 
in Eastern Kentucky is included; the map is found in Volume V. Volumes II-
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V present: (II) Watershed Ranking Selection of the Study Area: Analysis 
of the Study Area (Quicksand Watershed, Breathitt County, KY); (III) Con 
siderations of Post Mining Land Use, Mine Inventory and Abatement Plan for 
the Quicksand Watershed; (IV) An Investigation of Alternative Data Systems 
with a Recommendation for a Statewide Environmental Storage and Retrieval 
System; and (V) Maps.

PUBLISHED REPORTS AND(OR) ARTICLES;
Adams, W. G., 1975, Surface mine pollution abatement and land use impact 

investigation: Volume I An introduction to the eastern Kentucky area 
and its data characteristics: Eastern Kentucky University, Richmond, 
Kentucky, 142 p.

Adams, W. G., 1975, Surface mine pollution abatement and land use impact 
investigation: Volume III Considerations of post mining land use, 
mine inventory and abatement plan for the quicksand watershed: East 
ern Kentucky University, Richmond, Kentucky, 25 p.

Adams, W. G., 1975, Surface mine pollution abatement and land use impact 
investigation: Volume V: Eastern Kentucky University, Richmond, 
Kentucky, 279 p.

AVAILABLE FROM;
National Technical Information Service
Springfield, Virginia 22161
as PB-272 959, PB-272 961, and PB-272 960, respectively.

REFERENCE CODE; DB/S2-16

TITLE; Effects of Strip Mining on Small-Stream Fishes in East-Central 
Kentucky

GEOGRAPHICAL AREA; Breathitt County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
A study was conducted on small mountain watersheds in eastern Kentucky to 
determine the effects of strip mining and subsequent sedimentation on 
fishes and bottom fauna. Following surface mining, fishes were found to be 
progressively eliminated from headwaters downstream. Benthic food organ 
isms were reduced in numbers and kinds by at least 90 percent. Repro 
duction in darters and minnows was curtailed by siltation, -either by the 
prevention of mating or by kill-off of fry and eggs. One species of fish 
was found to be able to tolerate increased silt and turbidity.
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Continued siltation from strip mine operations in two streams tributary to 
the North Fork of the Kentucky River has prevented the recovery of fish 
populations in those streams. All species reported from Leatherwood Creek 
in 1972 have been forced downsteam, and six of those species are now absent 
from that stream. Two other species are now missing from both streams. 
Populations of Semotilus atromaculatus apparently are on the increase, per 
haps because of the removal of competing species. (From U.S. Department of 
Agriculture, Northeastern Forest Experiment Station, 1980).

PUBLISHED REPORTS AND(OR) ARTICLES;
Branson, B. A., and Batch, D. L., 1974, Additional observations on the 

effects of strip mining on small-stream fishes in east-central 
Kentucky: Transactions of Kentucky Academy of Science, 35 (3-4): SI- 
83.

Branson, B. A., and Batch, D. L., 1972, Effects of strip mining on small- 
stream fishes in east-central Kentucky: Proceedings of Biological 
Society, Washington, D.C., 84 (59): p. 507-518.

AVAILABLE FROM;
Authors
U.S. Department of Agriculture
Northeastern Forest Experiment Station
Berea, Kentucky 40403

REFERENCE CODE; DB/S2-17

TITLE; Regression Techniques for Estimation of Sulfate in Streams Draining 
an Area Affected by Coal Mining

GEOGRAPHICAL AREA; Olney, Kentucky 

AREAL EXTENT; 255 mi

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
This paper describes the development of a regression equation which gives 
the relationship between specific electrical conductance and sulfate con 
centration. Coefficients for the formula (Y = a + bX) were determined 
using data from 465 chemical analyses made over a 17-year period at the 
stream-gaging station at Olney, Kentucky. This formula makes it possible 
to monitor long-term effects of coal mining on stream-water chemistry with 
specific conductance measurements and a limited number of chemical analy 
ses.

PUBLISHED REPORTS AND(OR) ARTICLES;
Grubb, H. F., and Ryder, P. D., 1973, Regression techniques for estimation 

of sulfate in streams draining an area affected by coal mining: Envi 
ronmental Engineering and Science Conference, 3rd, Louisville, 
Kentucky, Proceedings, p. 129-137.
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REFERENCE CODE; DB/S2-18

TITLE; Effects of Coal Mining on the Water Resources of the Tradewater 
River Basin, Kentucky

GEOGRAPHICAL AREA; Hopkins and Webster Counties, Kentucky 

AREAL EXTENT; 943 mi 2

PURPOSE, OBJECTIVES, AND(OR) RESULTS; , 
The effects of coal-mine drainage on the water resources of the Tradewater 
River basin in the Western Coal Field region of Kentucky were evaluated (1) 
by synthesis and interpretation of 16 years of daily conductance data, 465 
chemical analyses covering an 18-year period, 28 years of daily discharge 
data, and 14 years of daily suspended-sediment data from the Tradewater 
River at Olney; and (2) by collection synthesis, and interpretation of 
chemical and physical water-quality data, and water-quality data collected 
over a 2-year period from mined and nonmined sites in the basin. (From 
author's abstract.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Grubb, H. F., and Ryder, P. D., 1972, Effects of coal mining on the water

resources of the Tradewater River basin, Kentucky: U.S. Geological
Survey Water-Supply Paper 1940, 83 p.

REFERENCE CODE; DB/S2-19

TITLE; Terraces Reduce Runoff and Erosion on Surface Mine Benches 

GEOGRAPHICAL AREA; Breathitt County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Erosion with subsequent stream siltation and turbidity is probably the 
most important off-site effect of surface mining operations. For the 
industry to survive, it is imperative that erosion and sedimentation be 
minimized. Storm-peak runoff rates were cut in half by the terracing 
treatment. Suspended-sediment yield was likewise reduced. A better vege 
tative cover was established on the terraced plots. Terraces on strip-mine 
benches were installed for about 10 dollars per acre. Seedbed preparation 
alone is worth the cost of terracing since it means a better vegetative 
cover on the disturbed land. (From U.S. Department of Agriculture, North 
eastern Forest Experiment Station, 1980.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Curtis, W. R., 1971, Terraces reduce runoff and erosion on the surface mine 

benches: Journal of Soil and Water Conservation, 26 (5): p. 198-199.

NAME AND ADDRESS OF INVESTIGATOR;
Author
U.S. Department of Agriculture
Northeastern Forest Experiment Station
Berea, Kentucky 40403
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REFERENCE CODE; DB/S2-20

TITLE; Strip Mining, Erosion, and Sedimentation 

GEOGRAPHICAL AREA; Breathitt County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
In Appalachia, land is being disturbed by strip mining at an alarming rate. 
The spoils left by strip mining represent a heterogeneous mixture of sand 
stone, shale, and soil. This freshly exposed unprotected material, is 
subject to rapid weathering and erosion. Maximum sediment yields occur 
during active mining operations and also during large storms thereafter. 
Suspended-sediment yields of over 46,000 ppm were observed from one water 
shed. Bedload amounted to 66,500 cubic feet per square mile of drainage 
area over a 2-year period from another mined watershed. (From U.S. Depart 
ment of Agriculture, Northeastern Forest Experiment Station, 1980.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Curtis, W. R., 1971, Strip mining, erosion, and sedimentation; Transac 

tions of American Society of Agriculture Engineers, 14 (3); p. 434- 
436.

NAME AND ADDRESS OF INVESTIGATOR;
Author
U.S. Department of Agriculture
Northeastern Forest Experiment Station
Berea, Kentucky 40403

REFERENCE CODE; DB/S2-21

TITLE; The Effect of Acid Mine Water on Flood-Plain Soils in the Western 
Kentucky Coalfields

GEOGRAPHICAL AREA; Hopkins County, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Laboratory and greenhouse tests were carried out to assess the extent of 
contamination by acid drainage from surface mines in the Clear Creek flood 
plain, Hopkins County, Kentucky. Analysis of water samples from a stream 
channel, ground water, and ponding shows a low pH which tended to increase 
with distance from the source of acid drainage. The soils had not only a 
low pH, but also a concentration of exchangeable aluminum well above the 
amount known to restrict plant growth. In greenhouse tests, liming and 
fertilizer additions overcame the toxic effects of acid soils.

PUBLISHED REPORTS AND(OR) ARTICLES;
Blevins, R. L., Bailey, H. H., and Ballard, G. E., 1970, The effect of acid

mine water on flood-plain soils in the western Kentucky coalfields;
Soil Science, 110 (3), p. 191-196.

NAME AND ADDRESS OF INVESTIGATOR;
Authors
University of Kentucky
Lexington, Kentucky
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REFERENCE CODE: DB/S2-22

TITLE; Erosion from Abandoned Coal-Haul Roads

GEOGRAPHICAL AREA; Bell, Harlan, and Perry Counties, Kentucky

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Abandoned coal-haul roads contribute substantially to stream sedimenta 
tion, thus affecting the water quality of streams flowing from mined water 
sheds. Such roads represent 10 percent of total area disturbed by strip 
mining in eastern Kentucky. A study of abandoned coal-haul roads in 
eastern Kentucky showed that erosion from the road surface amounted to 2.6 
and 5 inches of soil respectively for roads built on sandy silt and silt 
soils. This study indicates that all coal-haul roads which are to be 
abandoned should receive immediate treatment to insure proper drainage and 
surface stabilization during the period of non-use. Construction of cross 
channels or drainage dips, and establishment of a grass cover should be 
immediately accomplished upon abandonment, with tree planting to follow as 
the season permits. If properly bedded down and their drainage facilities 
and surface maintained as subsequent use might dictate, these roads could 
serve as access for fire control or recreational purposes. (From U.S. 
Department of Agriculture, Northeastern Forest Experiment Station, 1980.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Weigle, W. K., 1966, Erosion from abandoned coal-haul roads; Journal of 

Soil and Water Conservation, 21 (3); 1 p.

NAME AND ADDRESS OF INVESTIGATOR;
Author
U.S. Department of Agriculture
Northeastern Forest Experiment Station
Berea, Kentucky 40403

REFERENCE CODE; DB/S2-23

TITLE; Stream-Water Quality in the Coal Region of Tennessee 

GEOGRAPHICAL AREA; Selected counties in the Appalachian coal region

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
This study was undertaken with the primary objective of establishing a 
water-quality data base for small first-order unmined and surface-mined 
watersheds throughout Appalachia. There is a need for data which explicity 
shows changes in water quality attributable to both old and recent surface 
mining. Most previous water-quality data in the study area were from 
watersheds so large that it was impossible to isolate the effects of 
surface mining from the confounding effects of other activities of man.
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Small streams were sampled in selected counties in the State where coal is 
surface mined. Sampling was at approximate monthly intervals. The water- 
quality data from these streams are presented in this report and should 
help fill the need for data from small watersheds in Appalachia.

PUBLISHED REPORTS AND(OR) ARTICLES;
(Soon to be published)
Dyer, K. L. f Stream-water quality in the coal region of Tennessee; Part 5

of water quality of Appalachia; U.S. Department of Agriculture,
Forest Service, Berea, Kentucky

AVAILABLE FROM;
U.S. Department of Agriculture
Forest Service
Northeastern Forest Experiment Station
Route 2, Kentucky Highway 21 East
Berea, Kentucky 40403

REFERENCE CODE; DB/S2-24

TITLE; Hydrologic Effects of Coal Mining in the New River Basin, Tennessee

STARTING DATE; July 1975

COMPLETION DATE; September 1980

GEOGRAPHICAL AREA; New River Basin, northeastern Tennessee

AREAL EXTENT; 384 mi 2

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The general objective is to determine the effect of coal mining on water 
quality, sediment production, and streamflow in the New River Basin in 
Tennessee. Specific objectives are to derive land cover and physical 
parameters of the basin, characterize subbasins and monitor selected sub- 
basins to assess integrated effects on hydrology, and characterize spatial 
differences in water quality and^sediment transport.

The approach is to derive land cover data to characterize the basin and 
segment it into relatively homogeneous regions. Gaging stations will be 
established at the outlet of each region and at the mouth' of the total 
basin. Six small basins with different mining activity will be monitored 
for surface water, water quality, and suspended sediment; three of these 
will have continuous sediment samplers and measurements of bedload. These 
will be used to establish the range of quality and runoff parameters and to 
calibrate digital models of the runoff, water quality, and sediment-load 
characteristics.
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Results of efforts to characterize bedload material on the main stem of New 
River have shown that large quantities of coarse material, dominated by 
coal, are mobilized during runoff events. Preliminary analysis shows that 
the bedload material ranges in size from fine sand to very coarse gravel 
and that coal accounts for well over 50 percent of the material by weight.

PUBLISHED REPORTS AND(OR) ARTICLES;
(Soon to be published) '
Parker, R. S., and Carey, W. P., The quality of water discharging from the

New River and Clear Fork Basins, Tennessee; U.S. Geological Survey
Water-Resources Investigations 80-37, 56 p.

Carey, W. P
Tennessee;

., 1979, Sediment characteristics of the New River basin, 
Tennessee; Symposium on surface mining hydrology, sedimentology, and 
reclamation, University of Kentucky, Lexington, 1979, 25 p.

Jennings, M. E., Carey, W. P., and Blevins, D. W., 1980, Field studies for 
verification of surface mining hydrologic models; Symposium on Sur 
face Mining Hydrology, Sedimentology, and Reclamation, University of 
Kentucky, Lexington, 1980, Proceedings, p. 47-55.

AVAILABLE FROM;
Authors
U.S. Geological Survey
A-413 Federal Building
Nashville, Tennessee 37203

REFERENCE CODE; DB/S2-25

TITLE; Simulation of Effects of Contour Coal Strip Mining on Storm- 
Water Runoff and Pollutant Yields

GEOGRAPHICAL AREA; Six small watersheds in the New River Basin, Tennessee

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
A set of mathematical models was derived and evaluated on 5 years of runoff 
and pollutant data in the New River, Tennessee. The six watersheds used in 
the study ranged in size from 429 to 2,765 acres. All but one watershed 
had been or was undergoing contour coal strip mining. The remaining 
watershed was in 100-percent forest.

 

The models consisted of a storm hydrograph simulator, a watershed pol 
lutant load simulator and a site erosion simulator. The storm hydrograph 
simulator, TENN-I, has been optimized on numerous agricultural and urban 
watersheds in the Tennessee Valley. The watershed pollutant load simu 
lator, LOAD-I, was based upon development of a mass balance that was 
derived from storm hydrographs and pollutographs. The soil erosion model,
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ERODE-I, was based upon soil erosion mechanics and overland flow. Erosion, 
runoff, and pollutant loads were simulated for storm events on both a real 
time basis and on a design storm basis. A regionalization scheme associ 
ated with the model permitted simulation of the effects of contour coal 
strip mining on storm water and pollutant load. (Authors' abstract.)

PUBLISHED REPORTS AND(OR) ARTICLES;
Overton, D. E., and Crosby, E. C., 1980, Simulation of effects on contour 

coal strip mining on storm-water runoff and pollutant yields: Sym 
posium on Surface Mining Hydrology, Sedimentology, and Reclamation, 
Lexington, Kentucky, Proceedings, p. 475-480.

REFERENCE CODE; DB/S2/26

TITLE; Water Quality of Big South Fork National River and Recreation Area 

STARTING DATE; January 1979

GEOGRAPHICAL AREA; New River and Clear Fork River, Cumberland River
tributaries, Tennessee

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The objective of this project is to define the water quality, sediment 
load, and turbidity characteristics of the Big South Fork Cumberland River 
and major tributaries in the Big South Fork National River and Recreation 
Area and relate to mining activity in the basin. Collect sufficient 
information to develop predictive models for forecasting flow, chemical 
quality, and sediment loading for use in park management.

The approach of this study is to initiate a program to monitor flow, 
chemical quality, and sediment transport of the New River and Clear Fork 
Cumberland River tributaries. Collect, at several points on the Big South 
Fork Cumberland River, sufficient data to characterize streams, relate 
water quality and sediment transport to flow, and to develop models for 
forecasting flow, chemical quality, and sediment transport for use in park 
management.

AVAILABLE FROM;
U.S. Geological Survey, WRD
Nashville, Tennessee
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REFERENCE CODE; DB/S2-27

TITLE; Orphan Strip Mine Reclamation Program 

STARTING DATE; May 1977

GEOGRAPHICAL AREA; Campbell, Dickenson, Scott Counties, Tennessee

2
AREAL EXTENT; 15 mi . ,

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Data are acquired to assess the effects of strip mine reclamation efforts. 
The data will be used for a report on strip mine reclamation and sug 
gestions on future efforts. In addition to aquatic biota, chemical data 
are collected and analyzed for iron, manganese, sulfate, solids, hardness, 
acidity, alkalinity, dissolved oxygen, temperature, nickel, copper, zinc, 
chromium, and lead. Study watersheds are established at three locations 
within the two-state area. Stations that had comparable habitats and were 
ecologically similar were selectd so comparisons could be more between 
stations. Watersheds are located as follows; Kent Hollow and Ollis Creek, 
Campbell County, Tennessee; Trace Fork, Levisa Fork Drainage, Dickenson 
County, Virginia; Jones Branch, South Fork Drainage, Scott County, 
Tennessee.

REPORTS (if any) AVAILABLE FROM;
Water Quality and Ecology Branch Tennessee Valley Authority
A251 401 Building
Chattanooga, Tennessee 37401

REFERENCE CODE; DB/S2-28

TITLE; The Effect of Coal Surface Mining on the Water Quality of Mountain 
Drainage Basin Streams

STARTING DATE; January 1975 

COMPLETION DATE; December 1975

GEOGRAPHICAL AREA; New River basin, Scott County, Tennessee

2
AREAL EXTENT; 0.7-4.2 mi

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Six small watersheds, ranging from 1.7 to 11 km , within the New River 
Basin of Cumberland Mountains of Northern Tennessee were monitored weekly 
and simultaneously for water quality between January and December 1975. 
Three watersheds were undisturbed by mining activity and served to estab 
lish bench-mark data. The other three watersheds represented varying
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stages of coal mining activity, ranging from initiation of surface mining 
in one watershed to essentially complete stripping 3 years ago, and current 
deep mining activity in another. Distinct differences were observed for 
the variables pH, alkalinity, sulfate, calcium, magnesium, iron manganese, 
total solids, and suspended solids among the disturbed watersheds. The 
undisturbed watershed stream-constituent concentrations were quite uniform 
from stream to stream and from sample to sample.

PUBLISHED REPORTS AND(OR) ARTICLES:
Minear, R. A., and Tschantz, B. A., 1976, The effect of coal surface mining 

on the water quality of mountain drainage basin streams: Journal of 
the Water Pollution Control Federation, v. 48, no. 11, p. 2549-2569.

Tschantz, B. A., and Minear, R. A., 1976, Impact of coal strip mining on 
water quality and hydrology of east Tennessee: Research Report No. 
47, University of Tennessee, Water Resources Center, 46 p.

Rose, R. R., and Minear, R. A., 1975, Some aspects of water quality and 
their relationship to hydrology in small coal mined drainage basins 
in the Cumberland Mountains: University of Tennessee, Department of 
Civil Engineering, American Chemical Society, Division of Environ 
mental Chemistry Reprints 15 (1), 168-169.

AVAILABLE FROM; 
(Second publication)
National Technical Information Service 
Sprinfield, Virginia 22161 
as PB 251-391
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SUPPLEMENTAL DATA B: SUMMARY 3

Annotated bibliography of large area studies 
pertinent to the hydrology of the Daniel Boone 
National Forest area.
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REFERENCE CODE; DB/S3-1

(Soon to be published)
Kiesler, J., Quinones, F., Mull, D. S., and York, K. L., Hydrology of area

13, Eastern Coal Province, Kentucky, Virginia, West Virginia: U.S.
Geological Survey.

(Soon to be published)
Leist, D. W., Quinones, F., Mull, D. S., and Young, M., Hydrology of area 

15, Eastern Coal Province, Kentucky, Tennessee: U.S. Geological Sur 
vey.

(Soon to be published)
Quinones, F., York, K. L., and Plebuch, R., Hydrology of area 34, Interior 

Coal Province, Eastern Region, Kentucky: U.S. Geological Survey.

Quinones, F., Mull, D. S., York, K. L., and Kendall, V., 1981, Hydrology of 
area 14, Eastern Coal Province, Kentucky: Water-Resources Investiga 
tion 81-137.

SUMMARY;
The coal provinces of the country are divided into hydrologic reporting 
areas. Hydrologic information and sources are presented as text, tables, 
maps, and other illustrations designed to be useful to mine owners, opera 
tors, and consulting engineers in planning and implementing surface-mine 
operations that comply with the environmental requirements of the "Surface 
Mining Control and Reclamation Act of 1977."

REFERENCE CODE; DB/S3-2

Scott, A. G., 1980, An interim report on the investigation of flooding in 
the Tug Fork basin of Kentucky, Virginia, and West Virginia: U.S. 
Geological Survey, Water-Resources Investigation, Open-File Report 
80-1188, p. 116.

ABSTRACT;
An analytical plan is presented for a study of the effects of land-use 
changes on the magnitude and frequency of flood-peak flows and on sediment 
characteristics of the Tug Fork in Kentucky, Virginia, and West Virginia. 
The plan includes compilation and analysis of available data, collection 
of new data on small, single land-use drainage areas for deterministic 
computer modeling, and creation of a computer model of the Tug Fork basin 
for definition of cumulative land-use impacts.

Also presented is a compilation of the available hydrologic data and a 
description of related studies expected to provide information and data 
useful to the ongoing work. The data compilation includes: Hourly pre 
cipitation for selected days and annual maximum daily precipitation for 
nine sites, annual maximum streamflow rates and stages for three stream- 
gaging sites, hourly gage-height and discharge rates for selected storms 
at four stream-gaging sites, flood profiles, flood-frequency relations, 
and other streamflow information.
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REFERENCE CODE; DB/S3-3

Runner, G. S., and Chin, E. H., 1980, Flood of April 1977 in the 
Appalachian region of Kentucky, Tennessee, Virginia, and West 
Virginia: U.S. Geological Survey Professional Paper 1028.

ABSTRACT;
Heavy rains fell over the Appalachian region of Kentucky, Tennessee, 
Virginia, and West Virginia April 2-5, 1977, causing record flooding. 
Rainfall amounts of 4 to 15.5 inches were observed. The maximum amount of 
15.5 inches occurred at Jolo f West Virginia, in about 30 hours. This was 
more than twice the amount which would be expected for a 100-year recur 
rence-interval storm. Flood discharges along the upper Guyandotte River, 
Tub River, Clinch River, and Dowell River in the Tennessee River basin 
exceeded those previously known. Severe flooding also occurred along the 
Holston River and along the North Fork Kentucky River. Recurrence inter 
vals of observed flood discharges were greater than 100 years at 29 stream- 
flow measurement sites. Substantial reductions in peak stages and dis 
charges on Levisa Fork, North Pound River, and Guyandotte River attained as 
a result of reservoir storage were reported. Suspended-sediment dis 
charges on Guyandotte River near Baileysville, West Virginia, and Tug Fork 
at Glenhayes, West Virginia, were 54,800 tons/day and 290,000 tons/day, 
respectively, April 5, 1977. Twenty-two lives were lost and total property 
damage reportedly exceeded $400 million in the four-state area.

REFERENCE CODE; DB/S3-4

Kimball, R. L., 1974, Surface mine water quality control in the Eastern 
Kentucky Coalfields; Report to Kentucky Department of Natural Re 
sources Environmental Protection and Appalachian Regional Commission, 
92 p.

ABSTRACT;
This report is concerned with acid mine drainage and other forms of chemi 
cal water pollution attributed to surface mining in the Eastern Kentucky 
Coalfield and gives primary emphasis to identifying coal seams with the 
highest acid-producing potential. The parameters, criteria, and method 
ology developed and used to achieve this end are described. The research 
effort included a general evaluation of existing water-quality data for 
all the major drainage basins in the Eastern Kentucky Coalfield, followed 
by a concentrated study in Kentucky, Big Sandy, and Cumberland River 
basins. (Adapted from Summary.)
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REFERENCE CODE; DB/S3-5

Striffler, W. D., 1973, Ecology and reclamation of devastated land: Vol. 
1, R. J. Hutnik and G. Davis, Eds., New York, Gordon and Breach, Paper 
II-4, p. 175-191.

ABSTRACT;
A survey of water quality was conducted in eastern Kentucky during the 
summer of 1966. A total of 180 sampling points, including all fourth-order 
and larger watersheds, were measured. Field measurements included stream 
discharge, water temperature, dissolved oxygen, pH, oxidation-reduction po 
tential and specific conductance. Laboratory determinations included alu 
minum, calcium, magnesium, total iron, manganese, and sulfates. In sum 
mary, although acid pollution is a very serious problem on small, severely 
disturbed watersheds, it is not important on the larger watersheds or major 
rivers during low-flow conditions in eastern Kentucky. (From author's 
abstract.)

REFERENCE CODE; DB/S3-6

Biesecker, J. E., and George, J. R., 1966, Stream quality in Appalachia as 
related to coal-mine drainage, 1965; U.S. Geological Survey Circular 
526, 27 p.

ABSTRACT;
A stream-quality reconnaissance at 318 locations in May 1965 offered the 
first opportunity for a contemporaneous regional collection and appraisal 
of water-quality data in Appalachia. The results provide a means of 
regional comparison of the influence of coal-mine drainage on stream qual 
ity at approximately median steamflow. The results disclose that the 
chemical quality of the water at nearly 200 sites did not meet recommended 
drinking-water standards. At many of these sites, inferior quality was 
caused by excessive concentrations of solutes commonly associated with 
coal mine waters.

Water-quality damage from mine drainage is particularly severe in the more 
heavily mined northern third of the region where high sulfate content, free 
mineral acidity, and low pH are typical of most affected streams. A 
deficiency in natural stream alkalinity in this part of the coal region 
contributes greatly to the massive effect of mine drainage upon stream 
quality. However, data collected from streams affected by mine drainage 
along the west edge of this part of the coalfield suggest extensive neu 
tralization of mine water. In southern Appalachia, coal-mine drainage had 
less influence on stream quality than in northern Appalachia. Fewer 
streams in this area were influenced by mine drainage, and the magnitude of 
stream damage for affected streams was less than in northern Appalachia. 
(Authors' abstract.)
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REFERENCE CODE; DB/S3-7

Musser, 'J. J., 1965, Water resources of the Appalachian region: 
Pennsylvania to Alabama: U.S. Geological Survey Hydrologic Investi 
gations Atlas HA-198, Sheet 9.

SUMMARY;
Acid streams in the Appalachian region are identified and discussed, and 
the amount of acidity as HLSO. discharged annually into several streams is 
tabulated. «

REFERENCE CODE; DB/S3-8

U.S. Geological Survey, 1964, Floods of January-February 1957 in south 
eastern Kentucky and adjacent areas: Water-Supply Paper 1652-A.

ABSTRACT;
Heavy rains over an extensive area on January 27 - February 2, 1957, caused 
extreme flooding in southeastern Kentucky and adjacent areas in West 
Virginia, Virginia, and Tennessee. Total rainfall for the storm period 
ranged from 6 to 9 inches over most of the report area and was 12% inches at 
the eastern end of the Virginia-Kentucky State line.

The principal basins affected by the storm were those of the Big Sandy, 
Kentucky, Cumberland, and Tennessee Rivers.

Maximum discharge of record occurred in many streams. On Levisa Fork near 
Grundy, Virginia, the peak discharge of 33,200 cfs was 50 percent greater 
than the previous maximum in 17 years of record and was 3.3 times the mean 
annual flood. The peak discharges on tributaries of the Kentucky River and 
on the Holston and Clinch Rivers were also the greatest on record, and those 
on the upper Cumberland River were nearly as great as those during the 
historic floods of 1918 and 1946.

Total flood damage was estimated at $61 million, of which $39 million was in 
the Big Sandy River basin (mostly in Kentucky) and $15 million was in the 
Kentucky River basin $52 million of the total damage was in Kentucky. 
(Author's abstract.)

REFERENCE CODE; DB/S3-9

Brown, R. F., and Lambert, T. W., 1963, Reconnaissance of ground-water 
resources in the Mississippian Plateau region, Kentucky: U.S. Geo 
logical Survey Water-Supply Paper 1603.

Supplemented by U.S. Geological Survey Hydrological Atlas 35.
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ABSTRACT;
The U.S. Geological Survey, in cooperation with the Kentucky Geological 
Survey, and previous to 1958 with the Department of Economic Development of 
Kentucky, presents in this report a reconnaissance study of ground-water 
occurrence in the Missisippian Plateau region of central Kentucky. In 
cluded in the region is the westernmost portion of the Daniel Boone 
National Forest. The region is drained by the Cumberland, Tennessee, and 
Green Rivers, all of which are tributary to the Ohio River. *

The region is underlain chiefly by limestone, shale, and sandstone ranging 
in age from Ordovician to Pennsylvanian. Alluvial deposits of sand and 
gravel of Quaternary age occur along the Ohio River and its tributaries.

More than half of the wells in the region yield supplies adequate for 
modern domestic use, and a few wells yield more than 1,000 gal/min (gallons 
per minute). Hydrographs in the report show the effects of recharge and 
discharge of shallow and deep aquifers. Diagrammatic sketches of observa 
tion wells and a spring show the conditions such as lithology of the 
aquifer, topographic situation, distance from streams and sinkholes, and 
height of water level above stream level controlling the occurrence of 
ground water in the Mississippian Plateau region. The factors controlling 
occurrence of ground water are correlated with the yield of wells by means 
of tables and charts.

The water from most limestone aquifers in the region is hard, and during 
periods of heavy rainfall, the water becomes turbid. Charts and tables 
show the quality of water from aquifers in the region and the relationship 
of discharge of a few springs to the dissolved constituents and specific 
conductance. (From authors' abstract.)

REFERENCE CODE; DB/S3-10

Price, W. E., Mull, D. S., and Kilburn, C., 1962, Reconnaissance of 
ground-water resources in the Eastern Coalfield Region, Kentucky; 
U.S. Geological Survey Water-Supply Paper 1607, 56 p.

Supplemented by U.S. Geological Survey Hydrological Atlases 36, 37, and 
38.

ABSTRACT;
The availability of ground water in different parts of this region was 
determined chiefly by analyzing ground-water data collected during the 
reconnaissance. The resulting water-availability maps, published as 
Hydrologic Investigations Atlases, were designed to be used in conjunction 
with this report.
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Water from wells and springs in the Eastern Coalfield Region varies widely 
in chemical character, but most of the water is of the calcium magnesium 
bicarbonate or sodium bicarbonate type. Chloride and iron are the most 
objectionable constituents in the ground water of the region. Salty water 
is known to occur at depths of less than 300 feet in all the physiographic 
sections of the region, except the Cumberland Mountain section. In 
general, the chloride content of the ground water becomes higher with 
increasing depth below drainage, and water that is salty enough to' be 
called a brine eventually will be met in wells drilled deep enough in any 
part of the region.

Iron is present in noticeable quantities in the water from wells and 
springs in all formations in the region. Areas in which vadose water 
drains through beds of black shale or coal, or areas in which acidic mine 
drainage recharges the ground water probably will have a high iron content. 
Under these circumstances, the iron-bearing water probably will occur only 
at shallow depths. (From authors' abstract.)

REFERENCE CODE; DB/S3-11

Baker, J. A., Price, W. E., Jr., 1956, Public and industrial water supplies 
of the Eastern Coalfield Region, Kentucky: U.S. Geological Survey 
Circular 369.

ABSTRACT;
About 115,100,000 gal/d (gallons per day) of water is pumped for 119 large 
public and industrial water supplies in the 29 counties of the Eastern 
Coalfield Region of Kentucky. About 12 percent of water is used for public 
supply and about 88 percent for industrial supply. Public supplies provide 
191,000 people with water, and per capita consumption ranges from 12 to 
possibly 460 gal/d. The quantity of water pumped in a public supply for 
industrial use is sometimes more than half the total water provided. In 
dustries in the region use water primarily for cooling. The largest 
amounts are used for coal washing, gas transmission, petroleum processing, 
railroad supply, and coal- and steel-products manufacture.

About 6 percent of the water pumped for public and industrial supplies is 
ground water and about 94 percent is surface water. However, of the total 
number of cities, industries, and institutions supplied, ground water pro 
vide 37 percent of the supply, surface water, 52 percent, and ground and 
surface water combined, 11 percent.

Large ground-water supplies in the region are obtained principally from 
wells and abandoned coal mines, but a few are obtained from springs. Wells 
yield from 2 to 330 gal/min (gallons per minute) and get most of their
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water from sandstone in rocks of Pennsylvanian age and from sand and gravel 
in alluvium of Quaternary age. Most water is of the calcium or magnesium 
bicarbonate or sodium bicarbonate type; however, some water is high in iron 
content and some has a large proportion of sulfate.

Most of the surface water pumped in the Eastern Coalfield is from the big 
Sandy River and its tributaries, and from the Ohio River. In the future, 
surface water will be the principal source for towns and industries needing 
large quantities of water. (Authors 1 abstract.)

REFERENCE CODE; DB/S3-12

Maxwell, B. W., 1954, Public and industrial water supplies of the Western 
Coal Region, Kentucky: U.S. Geological Survey Circular 339.

ABSTRACT;
Data on the source, pumpage, treatment, and storage of water for 88 public 
and industrial water supplies in the 10 counties of the Western Coalfield 
Region of Kentucky are presented.

The total daily pumpage of water in the region is about 50,000,000 gallons. 
Seventy-two percent of this is obtained from wells and 28 percent is 
obtained from surface supplies. The Quaternary alluvium provides about 91 
percent of the ground water used in the region. Of the total pumpage, 24 
percent is used for all purposes from public supplies. The daily con 
sumption of water per person from public supplies ranges from 21 to 197 
gallons and averages 110 gallons. The chief industrial consumption of 
water is for coal washing, production of chemicals, distilling, and sec 
ondary recovery of petroleum.

The region is the southern part of a large basin of shales and sandstones 
of Pennsylvanian age which is overlain in places by alluvial sands and 
gravels and silts of Quaternary and Recent age. The chief aquifers are the 
Pennsylvanian sandstones and the sands and gravels of the alluvium. The 
water in the Pennsylvanian sandstones is fresh in the outcrop areas and 
becomes progressively more mineralized towards the center of the basin. 
Yields from the Pennsylvanian sandstones range from a few gallons per minute 
up to 500 gal/min. Water in the alluvium ranges from hard to very hard and 
may be pumped from vertical wells at rates up to at least 1,000 gal/min. 
(Author f s abstract.)
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REFERENCE CODE: DB/S3-13

(Soon to be published)
Hollyday, E. F., and Hansen, C. R., Improving estimates of streamflow 

characteristics in the Cumberland Plateau of Tennessee by using dig 
ital land-cover data from the Landsat satellite: U.S. Geological 
Survey Water-Resources Investigations.

ABSTRACT;
The primary objective is to improve upon the regression equations used to
estimate streamflow in areas affected by coal mining in the Cumberland
Plateau by using land-cover information derived from digitally processed
Landsat data as well as maps. The digital data will update the land-cover
data base for the New River basin project "Hydrologic Effects of Coal
Mining."

The usefulness of the digital land-cover data base developed from Landsat 
tapes and available map data will be tested by an experiment designed to 
compare two sets of regression equations one containing the most up-to- 
date but routinely-derived basin characteristics derived from Landsat 
tapes.

REFERENCE CODE; DB/S3-14

May, V. J., and others, 1981, Hydrology of area 18, Eastern Coal Province, 
Tennessee: U.S. Geological Survey Water-Resources Investigations SI- 
492.

ABSTRACT;
The Eastern Coal Province is divided into 24 hydrologic reporting areas. 
This report describes the general hydrology of Area 18 which is located in 
the Cumberland River basin in central Tennessee near the southern end of 
the province.

Hydrologic information and sources are presented as text, tables, maps, 
and other illustrations designed to be useful to mine owners, operators, 
and consulting engineers in planning and implementing surface-mine opera 
tions that comply with the environmental requirements of the "Surface 
Mining Control and Reclamation Act of 1977."

Area 18 encompasses parts of three physiographic regions: From east to 
west the Cumberland Plateau, Highland Rim, and Central Basin. The Plateau 
is underlain by sandstones and shales, with thin interbedded coal beds of 
Pennsylvanian age. The Highland Rim and Central Basin are .underlain by 
limestone and dolomite of Mississippian age.

Field and laboratory analyses of chemical and physical water-quality pa 
rameters of streamflow samples show no widespread water-quality problems. 
Some streams, however, in the heavily mined areas have concentrations of 
sulfate, iron, manganese, and sediment above natural levels and pH values 
below natural levels. Mine seepage and direct mine drainage were not 
sampled.
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Ground water occurs in and moves through fractures in the sandstones and 
shales and solution openings in the limestones and dolomites. Depth to 
water is variable, ranging from about 5 to 70 feet below land-surface datum 
in the limestones and dolomites, and 15 to 40 feet in the coal-bearing 
rocks.

The quality of ground water is generally good. Locally, in coal-bearing 
rocks, acidic water and high concentrations of manganese, chloride, *and 
iron have been detected.

REFERENCE CODE: DB/S3-15

Pennington, W., 1980, Benthic populations of thirty-three stream locations 
draining coal reserves of Tennessee: Tennessee Technological Uni 
versity, Cookeville: Final report to U.S. Geological Survey, 
Nashville.

ABSTRACT:
Water pollution occurs from the mining of coal when dissolved, suspended, 
or other solid mineral waste enters the receiving streams. This can occur 
from water flowing from surface or underground mines. The pollution that 
occurs may be physical or chemical and is usually harmful to aquatic life. 
Because of the increase in mining activity, the U.S. Geological Survey has 
initiated a monitoring program to determine the benthic macroinvertebrate 
populations of selected areas draining coal reserves to coincide with 
their current water-quality monitoring programs. This information will be 
used to make projections of changes that may occur and to provide baseline 
information for many of the areas that may be affected by future mining. 
This report summarizes some of that benthic macroinvertebrate information. 
(From author's introduction.)

REFERENCE CODE; DB/S3-16

Tennessee Valley Authority, Stream pollution by coal mining in the 
Tennessee Valley Region: Tennessee Valley Authority, Norris, 
Tennessee.

TVA will provide upon request. Contact: 
TVA Forestry Building 
Publications 
Norris, Tennessee 37828
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ABSTRACT;
A total of 60 counties in the Tennessee River watershed and adjacent areas 
in Alabama, Kentucky, Tennessee, and Virginia have streams impacted by 
coal mining. In 1978, a total of 1,870 miles of streams were estimated to 
be polluted intermittently or continuously by mining activities in 
Tennessee alone. All of these stream miles are affected by sedimentation 
problems and a number of these streams are affected by acid mine drainage.

i
Water quality, sedimentation, and flooding problems are generally confined 
to smaller streams in the region with little substantial effect on the 
Cumberland, Kentucky, and Tennessee Rivers. During the first 2 years of 
surface mining, the annual sediment load to streams may reach 360 tons per 
acre. Drainage from deep mines accounts for 75 percent of the acid water 
problems in the coalfields of the region.

Although many small streams are affected by mining in the region, the 
problem is much less severe in comparison to that of northern Appalachia.

State legislation and enforcement in recent years has resulted in better 
reclamation and therefore lessened the impact on streams.

REFERENCE CODE; DB/S3-17

Minear, R. A., Tschantz, B. A., Rule, J. H., Vaughan, G. L., Overton, D. 
E., and Briggs, G., 1977, Environmental aspects of coal production in 
the Appalachian region, U.S. Energy Research and Development Admini 
stration Report, ORO-4946-2, 185 p.

Minear, R. A., Tschantz, B. A., Rule, J. H., Vaughan, G. L., Overton, D. 
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SUPPLEMENTAL DATA C '

NAWDEX listings of sources of monitoring-site data 
found in the Hoosier National Forest study area.
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SUPPLEMENTAL DATA C: LISTING 1

Sources of streamflow and stage data in the Hoosier National Forest 
area.
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SUPPLEMENTAL DATA C: LISTING 2

Sources of surface-water-quality data in the Hoosier National 
Forest area.
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SUPPLEMENTAL DATA C: LISTING 3

Sources of ground-water-quality data in the Hoosier National 
Forest area.
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SUPPLEMENTAL DATA D

Annotated bibliography of investigations pertinent to 
coal mining and water resources in the Hoosier National 
Forest study area.
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SUPPLEMENTAL DATA D: SUMMARY 1

Annotated bibliography of hydrologic studies performed in 
small areas of the Hoosier National Forest area.
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in Monroe Reservoir, Indiana: Purdue University Water Resources Research
Center Technical Report No. 134.

Landers, D. H., 1979, The chemical and. biological effects of annual dieback of 
Myriophyllum spicatum L. and the importance relative to nutrient cycling in 
Monroe Reservoir, Monroe County, Indiana: Ph.D. thesis, Department of 
Biology, Indiana University, Bloomington, Indiana.

AVAILABLE FROM;
Water Resources Research Center
Indiana University
1005 E. 10th St. (Geology 417)
Bloomington, IN 47401

REFERENCE CODE: H/S1-2

TITLE; A One-Dimensional, Steady-State, Dissolved-Oxygen Model and Waste-Load 
Assimilation Study for Clear Creek, Monroe County, Indiana.

STARTING DATE: October, 1977.
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REFERENCE COVE: H/S1-2 Continued.

COMPLETION DATE; October, 1979.

GEOGRAPHICAL AREA: South central Monroe County, Southwest Indiana.

AREAL EXTENT; 47.8 mi 2

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The Indiana State Board of Health is developing a State water-quality management 
plan that includes establishing limits for wastewater effluents discharged into 
Indiana streams. A digital model calibrated to conditions in Clear Creek was 
used to develop alternatives for future waste loadings that would be compatible 
with Indiana stream water-quality standards defined for two critical hydrologic 
conditions, summer and winter low flows.

The Wins ton-Thomas wastewater-treatment facility is the only point-source waste 
load affecting the modeled segment of Clear Creek. A new wastewater-treatment 
facility under construciton at Dillman Road (river mile 13.78) will replace the 
Winston Thomas wastewater-treatment facility (river mile 16.96) in 1980.

Natural streamflow during the summer and annual 7-day, 10-year flows are zero, 
so no benefit from dilution is provided.

The model indicated that ammonia-nitrogen toxicity is the most significant factor 
affecting the stream water quality during summer and winter low flows. The 
ammonia-nitrogen concentrations of the wastewater effluent exceeds the maximum 
total ammonia-nitrogen concentations of 2.5 milligrams per liter for summer 
months (June through August) and 4.0 milligrams per liter for winter months 
(November through March) required for Indiana streams.

Nitrification, benthic-oxygen demand, and algal respiration were the most signi 
ficant factors affecting the dissolved-oxygen concentration in Clear Creek 
during the model calibration. Nitrification should not significantly affect 
the dissolved-oxygen concentration in Clear Creek during summer low flows when 
the ammonia-nitrogen toxicity standards are met.

Carbonacious biochemical-oxygen demand is probably not a significant factor 
in the dissolved-oxygen dynamics of Clear Creek because most of the carbonaceous 
biochemical-oxygen demand was estimated to be removed through settling or some 
other process.

The 5-day biochemical-oxygen demand of the effluent from the new waste water- 
treatment facility at Dillman Road will be limited to 5 milligrams per liter 
after the implementation of advanced-waste treatment in 1980.

PUBLISHED REPORTS AND(OR) ARTICLES:
Wilber, W. G., Crawford, C. G., Peters, J. G., and Girardi, F. P., 1979, A 

one-dimensional, steady state, dissolved-oxygen model and waste-load 
assimilation study for Clear Creek, Monroe County, Indiana: U.S. Geological 
Survey Open-File Report 79-1533, 63 p.
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REFERENCE CODE: H/S1-2 Continued,

AVAILABLE FROM: 
Library Copy 
U.S.G.S. 
Indianapolis, IN 46202

REFERENCE CODE: H/S1-3

TITLE: Water-Quality Assessment of the Middle Fork Anderson-River Watershed, 
Crawford and Perry Counties, Indiana.

STARTING DATE; September, 1975.

COMPLETION DATE; January, 1978.

GEOGRAPHICAL AREA; Perry and Crawford Counties, Southwestern Indiana.

AREAL EXTENT; 106 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Surface-water quality in the watershed is generally good except for problem- 
causing concentrations of bacteria, dissolved oxygen, and phosphorous at some 
sites along the main stem during low flow and manganese at most sites year- 
round.

Dissolved solids concentrations ranged from 76 to 248 milligrams per liter. 
Concentrations at sites upstream from reservoirs were greater than those at sites 
downstream during medium and low flows, but concentrations at sites upstream 
and downstream were similar during high flows.

Calcium and bicarbonate ions were dominant at most sites during low flows, 
whereas these ions were codominant with magnesium and sulfate at most sites 
during high flows.

Dissolved oxygen concentration ranged from 2.1 to 11.6 milligrams per liter or 
from 21 to 124 percent of saturation. Low concentrations were associated with 
the main stem of the river during low flows when sluggish pooled conditions 
prevailed.

Concentrations of certain inorganic constituents (including nutrients) were as 
follows: Dissolved manganese concentrations ranged from 0.02 to 7.3 milligrams 
per liter. The concentrations were generally higher at sites downstream from 
reservoirs than at sites upstream and was greater than the problem-causing 
level 0.05 milligrams per liter at most sites. The high manganese concentrations 
are probably associated with organic acids in the streams. Dissolved-nitrate 
concentration (as nitrogen) ranged from 0.03 to 3.3 milligrams per liter, the 
highest concentrations occurring during winter and spring in drainage from 
areas of the most intense cultivation. Dissolved-phosphorous concentrations 
were typically 0.03 milligrams per liter or less, except at one site in 
September 1975, when the concentration was 0.12 milligrams per liter, and at 
three sited in July 1976, when concentrations were 0.12, 0.41, and 0.58 milli 
grams per liter.
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REFERENCE CODE; H/S1-3--Continued.

Chlorinated hydrocarbons were detected in bed material from two of the three 
sites sampled. Two micrograms or less per kilogram aldrin, DDT, DDD, DDE, 
dieldrin, and (or) chlordane and as much as 15 micrograms per kilogram PCB 
compounds were detected.

Suspended-sediment concentration ranged from 1 to 148 milligrams per liter. 
Concentrations in two sites downstream from reservoirs were higher for medium 
and low flows and, despite large changes in flow, were considerably more 
consistent than the concentrations at two sites unaffected by reservoirs.

Concentrations of fecal-coliform and fecal-streptococcal bacteria ranged from 
5 to 9,900 and from 10 to 15,000 colonies per 100 milliliters, respectively. 
Source of high counts (more than 2,000 colonies per 100 milliliters) is 
probably livestock upstream from sampling sites.

Diversity indices (genera level) 2.7 and 2.5 at the two sites sampled from 
benthic invertebrates indicate healthy biologic communities at both sites.

Diversity indices (genera level) of the phytoplankton populations at seven 
sites ranged from 1.4 to 3.3. The phytoplankton populations were generally 
well balanced except for stressed communities at two mainstem sites during the 
September sampling.

PUBLISHED_REPORTS AND(OR) ARTICLES:
Ayers, M. A., 1978, Water-quality assessment of the Middle Fork Anderson River

watershed, Crawford and Perry Counties, Indiana: U.S. Geological Survey
Open-File Report 78-71, 31 p.

AVAILABLE FROM:
Library Copy
U.S.G.S.
Indianapolis, IN 46202

REFERENCE CODE: H/S1-4

TITLE: Monroe Reservoir, Indiana Hydrologic Circulation, Sedimentation, 
Water Chemistry and Nutrient Relations.

STARTING DATE: January 1975.

COMPLETION DATE; December 1976.

GEOGRAPHICAL AREA: Monroe Lake, Southcentral Indiana.

AREAL EXTENT: 16.8 mi2
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REFERENCE CODE: H/S1-4 Continued.

PURPOSE^ OBJECTIVES, AND(OR) RESULTS;
This project began on January 1, 1975 with a scheduled duration of 2 years to 
December 31, 1976. This study relates the hydrologic circulation pattern of 
the lake with biological, chemical, and sedimentation characteristics. Results 
and conclusions are reported herein within the qualification of one unusually 
dry year during the 2-year study.

Studies were undertaken to determine the annual production rates and the trophic 
level of the lake to serve as a basis for interpreting the subsequent nutrient 
enrichment experiments. The study attempts to resolve the question of which 
nutrients are limiting algal production and under which conditions.

PUBLISHED REPORTS AND(OR) ARTICLES:
Bradbury, K. R., 1977, Sedimentation and soil alteration, Monroe Reservoir,

Indiana: Master of Arts thesis, Department of Geology, Indiana University,
Bloomington, Indiana.

Bradbury, K. R., Grahm, M. S., and Ruhe, R. V., 1977, Monroe Reservoir, Indiana, 
Part I, hydrologic circulation, sedimentation, and water chemistry: Indiana 
University Water Resources Research Center, Technical Report No. 87.

Chang, W. Y. B. and Frey, D. C., 1977, Monroe Reservoir, Indiana, Part II, 
nutrient relations: Indiana University Water Resources Research Center, 
Technical Report No. 87.

Graham, M. J., 1977, Chemical systems, Monroe Reservoir, Indiana: Master of
Arts thesis, Department of Geology, Indiana University, Bloomington, Indiana.

REFERENCE CODE: H/S1-5

TITLE: A Water-Quality Assessment of the Hall-Flat Creek Watershed, Dubois 
County, Indiana.

STARTING DATE: 1975.

COMPLETION DATE: 1976.

GEOGRAPHICAL AREA: Southeastern Dubois County, Southwestern Indiana.

AREAL_EXTENT; 68 mi2

PURPOSE,^OBJECTIVES, AND(OR) RESULTS:
An investigation of water quality in the Hall-Flat Creek watershed on April 15 i
and 16, 1975, showed that dissolved-solids concentrations were low (76 to 130 j
milligrams per liter). Concentration of nitrate (as nitrogen) in streams ;
ranged from 0.05 and 1.3 milligrams per liter; concentration of phosphate
(as phosphorous) was 0.03 milligrams per liter or less. Concentrations of fecal
coliform (20 to 260 colonies per 100 millileters) and fecal streptococci (5 to :
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REFERENCE CODE; H/S1-5 Continued.

8,800 colonies per 100 milliliters) were significant only in the lower Flat 
Creek site, where animal waste contamination was suspected. Small concentrations 
(1.7 micrograms per kilogram or less) of aldrin, dieldrin, DDD, DDE, and 
heptachlor epoxide were found in two or more of the three streambed samples. 
Well-balanced benthic communities were found at the Hall and Flat Creek sampling 
sites; however, physical environmental constraints are limiting the abundance 
of organisms in the Straight River benthic community.

PUBLISHED REPORTS AND(OR)_ARTICLES:
Ayers, M. A., 1976, A water-quality assessment of the Hall-Flat Creek watershed, 

Dubois County Indiana: U.S. Geological Survey Open-File Report 76-94, 18 p.

REFERENCE CODE: H/S1-6

TITLE: A Water-Quality Assessment of the Lost River Watershed, Dubois, Lawrence, 
Martin, Orange, and Washington Counties, Indiana.

STARTING DATE: 1974.

COMPLETION DATE: December, 1975.

GEOGRAPHICAL AREA: Orange, Dubois, Lawrence, Martin, and Washington Counties,
Southwestern Indiana.

AREAL EXTENT: 365 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
A water-quality assessment of the Lost River watershed was made from data 
collected on November 11-14, 1974, and March 5, 1975. Surface waters in the 
watershed were calcium bicarbonate types of various levels of mineralization. 
Crawford-upland streamwaters were considerable less mineralized than water from 
the Mitchell plain part of the watershed. Streamwaters contained between 0.06 
and 5.9 milligrams per liter nitrate (as nitrogen), 0.25 milligram per liter or 
less phosphate (as phosphorus), and from 2.3 to 26 milligrams per liter organic 
carbon. Concentrations of fecal coliform bacteria ranged from 35 to 75,000 
colonies per 100 milliliters and fecal streptococci bacteria from 15 to 49,000 
colonies per 100 milliliters. Human waste contamination of streamwater is 
suspected downstream of Paoli and West Baden. Aldrin, dieldrin, chlordane, 
DOT, DDD, DDE and PCB's were detected in one or more of the four samples of 
streambed material. A very productive benthic community was found in upper 
Lost River. Midge larvae and aquatic sowbugs were the dominant.invertebrates 
and Cladophora sp was the predominant periphyton at the site sampled.
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REFERENCE CODE: H/Sl-6 Continued.

PUBLISHED REPORTS AND^OR) ARTICLES:
Ayers, M. A., 1975, A water-quality assessment of the Lost River watershed,

Dubois, Lawrence, Martin, Orange, and Washington Counties, Indiana: U.S,
Geological Survey Open-File Report 75-646, 24 p.

AVAILABLE FROM: 
Library copy 
U.S. Geological Survey 
Indianapolis, IN 46202

REFERENCE CODE; H/S1-7

TITLE: A Water-Quality Assessment of the Anderson River Watershed, Crawford, 
Dubois, Perry, and Spencer Counties, Indiana.

STARTING DATE: 1974. 

COMPLETION DATE: October 1975.

GEOGRAPHICAL AREA: Perry, Crawford, Dubois, and Spencer Counties, Southwestern
Indiana.

AREAL EXTENT; 152 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
A water-quality assessment of the Anderson River watershed was made January 14-17, 
1974. Most of the streamwaters in the basin were found to be of good quality. 
Coal mine drainage into Lanman Run, Meinrad Hollow, and Swingting Creek appears to 
be causing significant changes in the chemical, physical, ,-and biological 
characteristics of these streams. Upland streamwaters in the watershed generally 
contained less than 0.5 milligram per liter nitrate (as N), whereas waters 
flowing from the more intensely cultivated bottom lands generally contained about 
5.0 milligrams per liter nitrate (as N). Concentrations of fecal coliform 
bacteria ranged from 0 to 550 colonies per 100 milliliters and fecal streptococci 
concentrations ranged from 8 to 10,000 colonies per 100 milliliters. Chlordane, 
dieldrin, DDT, and ODD were found only in the bottom materials of one of the 
two sites sampled for insecticides. Suspended sediment data indicate a 100- 
percent or more increase in sediment concentrations downstream from highway 
construction for Interstate 64.

PUBLISHED REPORTS AND (OR) ARTI.CLESJ
Ayers, M. A. and Shampine, W. J., 1975, A water-quality assessment of the

Anderson River watershed, Crawford, Dubois, Perry, and Spencer Counties, 
Indiana: U.S. Geological Survey Open-File Report 75-325, 23 p.

AVAILABLE FROM: 
Library copy 
U.S. Geological Survey 
Indianapolis, IN 46202
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REFERENCE CQDE: H/S1-8

TITLE: A Land Capability Model for the Lower Lake Monroe Watershed. 

GEOGRAPHICAL AREA; Lake Monroe watershed.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The purpose of this study is to develop a prelininary land-use capability model 
for a 100 square mile area surrounding Lake Monroe, a 10,750-acre reservoir 
in south central Indiana. This study can be reviewed as an extention of the 
Lake Monroe Land Suitability Study (1975) which provides land-use, geological, 
and ecological inventories for the Lake Monroe area. A second goal of the 
present study is to develop a user-oriented interactive computer program which 
will make both the inventory and the model output available to planners, 
prospective developers, and other interested citizens.

Capability analysis is the synthetic, quantitative evaluation of the limitations 
which physical land variables may impose on the potential of a parcel of land 
for a variety of human uses. Capability analysis is most useful early in the 
planning process, e.g., examining potential sites for a proposed project. The 
physical variables considered in a capability analysis can be combined with 
social variables to produce a suitability analysis which can be used as a 
basis for regional planning. The present model is not a suitability model and 
thus does not consider social variables.

The Lake Monroe study describes the area's geology, terrestrial and aquatic 
ecology, current land use, and the institutional framework determining political 
and legal jurisdication over the area. In the Lake Monroe study, the signi 
ficance of the various types of data with reference to land-use considerations 
is discussed. A geologic description of the area is given, and the soil- 
material characteristics of each of the area's geologic subdivisions are out 
lined; these are then related to such land use factors as on-site septic disposal, 
foundation and excavation conditions, slope stability, and ground water. The 
Lake Monroe area forests and wildlife and their management are considered; the 
influence of forests in regulating runoff and erosion are discussed. The study 
describes the physical and chemical properties of the lake itself and the 
potential damage which might result from increased phsophate input. Current 
land uses of the surrounding area are mapped and questions of land development, 
zoning, and land-use change are considered. Finally, Federal, State, and 
local agencies having powers bearing on the planning and development of the 
Lake Monroe region are listed and their roles described. (Report Introduction)

PUBLISHED REPORTS AND(OR) ARTICLES;
Chiesa, J. R., Roberts, M. C., Randolph, J. C., and Howe, R. S., 1975, A land

capability model for the lower Lake Monroe watershed: Indiana University
Water Resources Research Center, Technical Report No. 66.

AVAILABLE FROM:
Water Resources Research Center
Indiana University
1005 E. 10th St. (Geology 417)
Bloomington, IN 47401
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REFERENCE CODE: H/S1-9

TITLE: Geohydrology of Karst Terrain, Lost River Watershed, Southern Indiana, 

GEOGRAPHICAL AREA: Southern Indiana.

PUBLISHED REPORTS AND(OR) ARTICLES:
Indiana University, Water Resources Research Center, 1975, Geohydrology of

Karst terrain, Lost River watershed, southern Indiana, Report of Investi 
gation No. 7, Bloomington, Indiana.

AVAILABLE FROM:
Water Resources Research Center
Indiana University
1005 E. 10th St. (Geology 417)
Bloomington, IN 47401

REFERENCE CODE: H/S1-10

TITLE: Acid Mine Drainage Problem of the Potoka River Watershed, Southwestern 
Indiana.

GEOGRAPHICAL AREA: Southwestern Indiana.

PUBLISHED REPORTS AND(OR) ARTICLES:
Indiana University, Water Resources Research Center, 1969, Acid mine-drainage

problem of the Potoka River watershed, southwestern Indiana: Report of
Investigation No. 4, Bloomington, Indiana.

AVAILABLE FROM:
Water Resources Research Center
Indiana University
1005 E. 10th St. (Geology 417)
Bloomington, Indiana 47401
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SUPPLEMENTAL DATA D: SUMMARY 2

Annotated bibliography of studies concerned with the influence 
of coal mining on the water resources of any small areas in 
Indiana.
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REFERENCE CODE: H/S2-1

TITLE; Analysis of Hydrologic Impacts of Surface Mining in West-Central 
Indiana Using an Interactive Modeling Approach.

STARTING DATE; October 1979. 

COMPLETION DATE; September 1984. 

GEOGRAPHICAL AREA: West-central Indiana. 

AREAL EXTENT: 800 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Assessment of the probable hydrologic impacts of proposed surface coal mining 
is required by the 1977 Surface Mining Act. Digital watershed and ground- 
water flow models can be used as tools to evaluate these hydrologic impacts. 
However, a complete modeling procedure, adaptable to surface mining in States 
of the Interior Coal Province, has not been widely applied in the field.

The U.S. Geological Survey has developed a distributed-parameter watershed model 
in which hydrologic processes are simulated in separate modules that can be 
modified or replaced to fit the problem. The Survey is also testing this 
model and 11 other models for reliability and applicability to 10 small water 
sheds (from 0.1 to 8 square miles) in surface-mined areas of southwestern 
Indiana.

In 1980, the 10 watersheds, representing agricultural, unreclaimed mining, 
reclaimed mining, and mixed land uses, were instrumented to collect rainfall 
and streamflow data. Two of these watersheds were equipped to collect sediment, 
pH, specific conductance, and temperature data. Using these data and the 
analyses of 12 models, the authors will select, develop, and assemble model 
components that best simulate the hydrologic processes producing streamflow.

The effects of mining on local aquifer systems and surface- and ground-water 
interactions will also be simulated. These simulations will be verified by 
measuring (1) soil-moisture profiles with a neutron-probe, (2) base streamflow, 
and (3) water-table fluctuations. Evapotranspiration will be estimated from 
climatic data. Surface- and ground-water simulations will interact to the 
extent needed to obtain a consistent model of both systems.

REPORTS IN PREPARATION;
Eikenberry, S. E., Shedlock, R. J., Duwelius, R. F., Hydrologic setting of 

surface-coal mines in west-central Indiana.

Shedlock, R. J. and Eikenberry, S. E., Impacts of surface-coal-mining on ground- 
and surface-water flow and interactions in west-central Indiana.

Hydrograph simulation for small watersheds in the surface-coal mined area of 
west-central Indiana.

AVAILABLE FROM
U.S. Geological Survey
Indianapolis, IN 46202
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REFERENCE CODE: H/S2-2

TITLE: Effects of Surface Mining on Water Quality in a Small Watershed, 
Sullivan County, Indiana.

STARTING DATE: 1975.

COMPLETION DATE; 1981.

GEOGRAPHICAL AREA: Southeastern Sullivan County, Southwestern Indiana.

AREAL_EXTENT; 3 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Effects of surface mining on water quality in Spencer Creek tributary upstream 
and downstream from a surface mine and on South Lake adjacent to the mine 
were monitored during a 5-year study (1975-79) in the 1,210-acre watershed of 
the tributary.

Compared with the background values, pH and concentrations of all major 
dissolved ions and dissolved, suspended, and strearabed metals generally in 
creased in Spencer Creek tributary downstream from the mine. Median dissolved 
sodium and sulfate concentrations increased to as much as eighteenfold and 
fourteenfold, respectively, and median dissolved manganese and suspended 
aluminum concentrations increased as much as sevenfold and more than twofold. 
Concentrations of suspended metals decreased more than 50 percent after 
installation of sediment ponds by the mine operator. During high streamflow, 
concentrations of major ions at background and mined sites on Spencer Creek 
tributary decreased, but dissolved- and suspended-metal concentrations 
increased downstream from the mine.

South Lake exhibited seasonal stratification and mixing characteristics of 
other lakes at a similar latitude. However, the bottom three feet of the water 
column demonstrated persistent chemical stratification. Phytoplankton populations 
of the lake varied seasonally, and the population density pattersn resembled 
those in other lakes at latitudes similar to that of South Lake.

PUBLISHED REPORTS_AND(OR) ARTICLES:
Peters, J. G., 1981, Effects of surface mining on water quality in a small

watershed, Sullivan County, Indiana: U.S. Geological Survey Open-File
Report 81-543, (in press).

AVAILABLE FROM:
U.S. Geological Survey
Indianapolis, IN 46202

REFERENCE CODE: H/S2-3

TITLE: Hydrologic Evaluation of a Hypothetical Coal-Mining Site near 
Chrisney, Spencer County, Indiana.
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REFERENCE CODE: H/S2-3 Continued.

STARTING DATE; 1979.

COMPLETION DATE: 1981.

GEOGRAPHICAL AREA; West-central Spencer County, Southwestern Indiana.

AREAL EXTENT; 24 mi

PURPOSE, OBJECTIVES^ AND(OR) RESULTS;
Protecting the water resources of the nation is a major emphasis of the Surface 
Mining Control and Reclamation Act, PL 95-87. Permanent regulations established 
for this Act by the Office of Surface Mining (OSM) require the issuance of a 
permit before mining begins. An application for a mining permit must include 
an assessment of the hydrologic characteristics of the mining site and adjacent 
area, and a projection of the potential impacts of mining activities on surface 
water and ground water.

OSM's permanent regulations and guidelines provide little insight on the "how 
to" aspect of making the required hydrologic assessment. This investigation 
was completed to improve the understanding of the kinds of information needed 
to make such assessments by: (a) reviewing the regulations to determine what 
hydrologic information is required; (b) preparing an example hydrologic assess 
ment based on the regulations; and (c) using the experience gained in (a) and 
(b) to identify areas lacking or needing additional data to make the required 
assessment.

Hydrologic data for the study area were obtained from published and unpublished 
reports, maps, aerial photographs, personal interviews with residents in the 
area of the hypothetical mine site, and discussions with experts in the field. 
Where data were unavailable, "synthetic" data were generated by extrapolation 
from proximate or similar watersheds and (or) by assumptions based on experience 
or theory. A limited amount of field data was collected to corroborate and 
augment information originating from all these sources.

PUBLISHED REPORTS AND(OR) ARTICLES:
Zogorski, J. S., Ramey, D. S., Lambert, P. W., Martin, J. D., and Warner, R. E., 

1981, Hydrologic evaluation of a hypothetical coal-mining site near Chrisney, 
Spencer County, Indiana: U.S. Geological Survey Open-File Report 80-1107.

REPORT AVAILABLE FROM: 
U.S. Geological Survey 
Indianapolis, IN 46202

REFERENCE CODE: H/S2-4

TITLE: Field Study for Verification of Surface Mining Hydrologic Models.
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REFERENCE CODE: H/S2-4 Continued.

GEOGRAPHICAL AREA; Selected small watersheds in Tennessee and Indiana.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Hydrologic field studies on 13 mined and unmined watersheds in Tennessee and 
Indiana will provide a data base for a comparative study of 12 surface-mining 
hydrologic models. Data being collected includes flow, sediment, and water- 
quality information. The watershed models to be compared are summarized as 
to hydrologic capability. (Author's abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Jennings, M. E., Carey, W. P., and Blevins, D. W., 1980, Field study for

verification of surface mining hydrologic models: Symposium on Surface 
Mining Hydrology, Sedimentology, and Reclamation, Lexington, Kentucky, 
Proceedings, p. 47-53.

REFERENCE CODE: H/S2-5

TITLE: Hydrology of a Watershed Containing Flood-Control Reservoirs and 
Coal Surface-Mining Activity, Southwestern Indiana.

GEOGRAPHICAL AREA: Sullivan, Vigo, Clay, and Greene Counties, Southwestern
Indiana.

AREAL EXTENT: 237 mi 2

PURPOSE,_OBJECTIVES,_ANjKOR) RESULTS:
The effect of man's activities that have disturbed land areas can be both 
beneficial and deleterious. One of the important areas for study concerns the 
quality and quantity of water produced during the process of surface mining, 
which results in (1) groundwater contained in the piles of cast overburden, 
(2) water in last-cut lakes and ponds in the disturbed area, and (3) affected 
water in the streams.

Our hydrologic studies in Indiana show that surface mining for coal can (1) provide 
additional supplies of ground water, (2) aid in flood control, and (3) alter 
the water quality in some areas. Current mining practices in conformance with 
Indiana law are controlling the latter problem-acid mine-drainage which is 
caused mainly by old mine-waste piles, compacted areas such as haul roads, and 
underground mines.

The Busseron Creek watershed, a Public Law 566 Project of the U.S. Soil 
Conservation Service, contains sites for 26 reservoirs, of which 23 are flood 
control only. In this watershed of 237 sq. miles, surface mining for coal has 
already disturbed one site and at least two others are scheduled for mining.

During flushout-periods of high runoff caused by sudden and intense storms  
acid mine-drainage is a problem in this watershed; normally runoff from unmined 
areas and non-acid mined areas provides sufficient dilution. Proper management 
of releases of water impounded by the mining process can materially remedy 
this problem.
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REFERENCE CODE; H/S2-5 Continued.

PUBLISHED REPORTS AND(OR) ARTICLES:
Agnew, A. F. and Corbett, D. M., 1973, Hydrology of a watershed containing flood- 

control reservoirs and coal surface mining activity, southwestern Indiana: 
New York, Gordon and Breach, Ecology and Reclamation of Devastaged Land, 
vol. 1, R. J. Hutnik and G. Davis (eds.), P- 159-173.

AVAILABLE FROM; 
Library copy 
U.S. Geological Survey 
Indianapolis, IN 46202

REFERENCE CODE: H/S2-6

TITLE: A Preliminary Description of the Physico-Chemical Characteristics and 
Biota of Three Strip Mine Lakes, Spencer County, Indiana.

COMPLETION DATE: 1972.

GEOGRAPHICAL AREA: Spencer County, Southwestern Indiana.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Three Spencer County surface mine lakes in the same immediate area, each about 
30 years old were studied. Differences between the characteristics of the 
lakes are a function of the area/volume ratios, slopes of basins, and water 
sheds. These lakes are in the alkaline stage of recovery. The study results 
prove that each lake is modified, chemically, physically, and biologically 
at its own rate.

PUBLISHED_REPORTS AND(OR) ARTICLES:
Coe, M. W. and Schmelz, D. V., 1972, A preliminary description of the physico- 

chemical characteristics and biota of three strip mine lakes, Spencer 
County, Indiana: Proceedings of the Indiana Academy of Science, vol. 82, 
p. 184-188.

REFERENCE CODE: H/S2-7

TITLE: Acid Mine Pollution Effects on Lake Biology,

COMPLETION DATE; 1971.

GEOGRAPHICAL AREA: Southwestern Indiana.
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REFERENCE CODE; H/S2-7 Continued.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
For greater recreationsl potential of stripmine lakes, certain fundamental 
limnological information and the unique water chemistry resulting from 
leaching of substances contained in the cast overburden of the lakes were 
investigated. The six coal stripmine lakes studied during July 1969 to 
December 1970 in southern Indiana had a pH range of 2.5 to 8.2. Successional 
trends with increasing pH indicated lake differences. Increasing levels of 
dissolved oxygen and decreasing concentrations of dissolved substances 
showed environmental trends in surface waters. These tendencies were some 
what obscured by differences in the annual cycles of stratification, four of 
the lakes proving to be unexpectedly meromictic. Biological changes 
associated with increasing pH included increasing diversity and increasing 
homeostasis. Both pH and circulation patterns (meromixis vs. holomixis) 
influenced biomass, and bottom fauna was further limited by the steep-sided 
basin form. All stripmine lakes had much higher solute concentrations and 
lower biological diversity than a small local ono-stripmine reservoir studied 
as control. A fertilization program in one lake has apparently eliminated all 
rooted aquatic plants, producted violent plankton oscillations, and low fish 
populations. Sport fishing in stripmine lakes could be improved by management 
techniques.

PUBLISHED REPORTS AND(OR) ARTICLES;
Smith, R. W. and Frey, D. G., 1971, Acid mine pollution effects on lake

biology: Bloomington, Indiana, Water Resources Research Center, Water
Pollution Control Research Series, 131 p.

AVAILABLE FROM;
National Technical Information Service
Springfield, Virginia 22161
as PB-210 709

or

Water Resources Research Center 
Indiana University 
1005 E. 10th Street (Geology 417) 
Bloomington, Indiana 47401

REFERENCE CODE; H/S2-8

TITLE; The Incidence of Sulfur and Iron Oxidizing Bacteria in the Acid Mine 
Drainage of the Busseron and Patoka Watersheds.

COMPLETION DATE; June 1970.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
There was a general correlation between the acidity of stream samples and the 
number of sulfur and iron oxidizing bacteria found in the samples.
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REFERENCE CODE: H/S2-8 Continued.

Stream samples taken following a rainstorm in the Mud Creek area (Busseron 
watershed) showed that the acidity and the sulfur and iron oxidizing bacteria 
were washed out into streams in the "flushout" following the rainstorms.

Analysis of individual watersheds established that the source of the acid 
production was at the surface of exposed mine-waste material and that these 
active acid producing mine wastes contained very high numbers of sulfur and 
iron oxidizing bacteria.

Although the exact percentage of acidity due to the action of these bacteria on 
mine waste material was not established by field studies, it was possible to 
demonstrate by laboratory studies that sterilized mine waste material produced 
no appreciable acid unless unsterilized mine waste material or sulfur and 
iron oxidizing bacteria isolated from mine waste material were readded. It 
may thus be presumed that the major portion of the acid is the result of 
microbial action either directly or indirectly. Core samples taken from reclaimed 
areas in the Busseron watershed showed that this treatment was effective in 
reducing the number of sulfur and iron oxidizing bacteria and thus acid pollution 
was drastically curtailed.

PUBLISHED REPORTS AND(OR) ARTICLES;
Kindig, R. and Ramaley, R., 1970, The incidence of sulfur and iron oxidizing 

bacteria in the acid mine drainage of the Busseron and Patoka watersheds: 
Bloomington, Indiana, Indiana University Water Resources Research Center 
Supplementary Report to Reports No.s 2 and 4, 41 p.

AVAILABLE FROM;
Water Resources Research Center
Indiana University
1005 E. 10th Street (Geology 417)
Bloomington, Indiana 47401

REFERENCE CODE: H/S2-9

TITLE: Hydrology and Chemistry of Coal-Mine Drainage in Indiana. 

COMPLETION DATE; 1969.

PURPOSE, OBJECTIVES, ANDlOR) RESULTS:
The flush out effect in the Busseron Creek Watershed is described by using 
analyses of samples taken during one particular heavy rainfall. . Problems in 
methods of analysis of mine waters and in correlating results are pointed out.

PUBLISHED REPORTS AND(OR) ARTICLES:
Agnew, A. F., and Corbett, D. M., 1969, Hydrology and chemistry of coal-mining

drainage in Indiana: ACS Division of Fuel Chemistry, vol. 13, no. 2,
p. 137-149.
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REFERENCE CODE; H/S2-10

TITLE: Acid Mine-Drainage Problem of the Patoka River Watershed, South 
western Indiana.

COMPLETION DATE: August 1969.

GEOGRAPHICAL AREA: Pike County, Patoka River watershed, southwestern Indiana.

AREAL EXTENT: 862 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Report of Investigations No. 4 has a dual objective: (1) to locate and identify 
the sources of acid in the Patoka River Watershed, and (2) to determine the 
effect this acid had on the water quality of the Patoka River.

More than 1,500 water samples collected by the Evansville, Indiana, Federal 
Water Pollution Control Administration, and the Indiana State Board of Health 
were reviewed by the author, and the resulting studies were presented.

PUBLISHED REPORTS AND(OR) ARTICLES:
Corbett, D. M., 1969, Acid mine-drainage problem of the Patoka River watershed, 

southwestern Indiana: Bloomington, Indiana, Indiana University Water 
Resources Research Center Report of Investigation No. 4, 173 p.

AVAILABLE FROM:
Water Resources Research Center
Indiana University
1005 E. 10th Street (Geology 417)
Bloomington, Indiana 47401

REFERENC1E_CODE: H/S2-11

TITLE: Coal Mining Effect on Busseron Creek Watershed, Sullivan County, Indiana.

COMPLETION DATE; July 1968.

GEOGRAPHICAL AREA; Vigo, Clay, and Greene Counties, Southwestern Indiana.

AREAL EXTENT: 237 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The present study was instrumented to obtain accurate and representative sampling 
of the water quality and quantity at different times of the yea'r and in response 
to normal and abnormal physical events, both natural and manmade. Two years of 
streamflow data have been acquired together with chemical analyses of approximately 
450 water samples (13 parameters were analyzed for each sample), taken at 
different stages of stream level and volume of discharge at different times 
during the year. The areas known to carry acid water in the streams were the 
Big Branch - Mud Creek, the Buttermilk Creek, and the Sulphur Creek tributary 
watersheds. Surface mining had disturbed 26 percent, 7 percent, and 12 percent, 
respectively, of these areas.
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REFERENCE CODE: H/S2-11 Continued.

The present study showed that Big Branch above Station No. 17 has no acid mine- 
drainage problem, although sulfate occasionally is high. Mud Creek above 
Station No. 15 did show acid mine-drainage, but this was due to old mine-waste 
piles and underground mines rather than to recent or current surface mining. 
The acid content of Mud Creek had dropped considerably after joining the better 
quality water in Big Branch. Sulphur Creek acid drainage is apparently contri 
buted by both old underground mines and surface mines. It is not known what 
effect the S.C.S. flood-control reservoir in this Watershed will have on the 
acid waters that it will impound.

The relatively unmined tributary watersheds upstream from the Big Branch - Mud 
Creek and the Sulphur Creek tributaries provide good-quality water that dilutes 
the acid waters created therein, so that the water quality on the Busseron Creek 
at Sullivan (Station No. 9) is moderate to good except during those rises when 
flushouts occur.

Buttermilk Creek Tributary, which enters Busseron Creek downstream from Station 
No. 9, contributes acid water that is derived from old mine-waste piles and an 
old underground mine. However, it is diluted in the mainstem Busseron Creek 
so that at Station No. 1 the quality is always acceptable or better, except 
during flushouts such as that on November 10, 1966.

A summary of the flushout investigation shows that the effect is dependent upon:

1)  the magnitude and intensity of the storm,
2)  the length of time since the last flushout,
3)  the ratio of compacted area to the total 

area disturbed by surface mining,
4)  the storage potential of last-cut lakes and 

adjacent cast overburden at the time of the 
storm, and

5)  the ease of storm runoff from the compacted 
areas.

Thus it is concluded (1) that the magnitude and frequency of storm runoff has 
an appreciable effect on acid concentrations in a stream, and (2) that present 
surface-mining operations, except for coal-processing plants, are not the cause 
of acid water in the streams; rather, it is due mainly to old waste piles and 
compacted areas within the disturbed area, and underground mines.

PUBLISHED REPORTS AND(OR) ARTICLES:
Corbett, D. M. and Agnew, A. F., 1968, Coal mining effect on Busseron Cr-ek 

watershed, Sullivan County, Indiana: Bloomington, Indiana, Indiana 
Universtiy Water Resources Research Center, Report of Investigations no. 
2, 234 p.

AVAILABLE FROM:
Water Resources Research Center
Indiana University
1005 E. 10th Street (Geology 417)
Bloomington, Indiana 47401
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REFERENCE CODE: H/S2-12

TITLE; Mine Drainage Control at the Chinook Mine.

COMPLETION DATE: 1968.

GEOGRAPHICAL AREA: Near Stauton, Indiana.

PURPOSE^ OBJECTIVES, AND(OR) RESULTS;
The two types of drainage waters of the Chinook Mine near Staunton, Indiana, 
are from the pit areas and from the coal preparation plant. The water from 15 
water sample stations on the receiving streams is collected monthly and analyzed 
for pH, total iron, and sulfate. The control of drainage is carried out 
according to the 1967 reclamation laws; grading is specifically described.

PUBLISHED REPORTS AND (OR) ARTICLES^;
Lawson, A. E., 1968, Mine drainage control at the Chinook Mine: Purdue University,

Proceedings of the Twenty-Third Indiana Waste Conference, Engineering
Extension Service No. 132, p. 1018-1020.

REFERENCE CODE: H/S2-13

TITLE: Water Supplied by Coal Surface Mines, Pike County, Indiana.

COMPLETION DATE: December 1965.

GEOGRAPHICAL AREA; South-central Pike County, Indiana.

AREAL EXTENT: 270 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
An area of 270 square miles in Pike County was investigated during the fall of 
1964, to determine the effect on stream flow of cast overburden from surface 
mining operations for coal. Two continuous-recording stream-gaging stations 
were constructed, and observations were made at more than 150 sites on four 
occasions during the period September 16-November 6. As shown by the studies 
herein reported, 26.1 square miles of cast overburden in the 270 square miles 
constituting the area studied in the central part of the Patoka River basin, 
contributed a flow of water to the Patoka River of 7 cfs (cubic feet per second) 
of 4 1/2 mgd (million gallons daily) during October 1964, whereas other nearby 
areas of like size or larger were dry throughout the period or for most of it.

Cast overburden resulting from surface mining of coal produces significant amounts 
of flow during severe drought periods as compared with little or no yield from 
undisturbed areas in southwestern Indiana. Although some rather wide departures 
were observed in the water yields from cast overburden at individual sites, an 
average production for the total 26.1 square miles of cast overburden was 
0.27 cfs, or 174,500 gpd per square mile.

168



REFERENCE CODE: H/S2-13 Continued.

PUBLISHED REPORTS MD(OR) ARTICLES:
Corbett, D. M., 1965, Water supplied by coal surface mines, Pike County, 

Indiana: Bloomington, Indiana, Indiana University Water Resources 
Research Center Report of Investigations, no. 1, 67 p.

AVAILABLE FROM:
Water Resources Research Center
Indiana University
1005 E. 10th Street (Geology 417)
Bloomington, Indiana 47401

REFERENCE CODE: H/S2-14

TITLE; Effect of Sealing on Acidity of Mine Drainage.

COMPLETION DATE: 1930.

GEOGRAPHICAL AREA: Southwestern Indiana.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Samples of water were taken from both open and closed sections of eight mines 
in southern Indiana. The evidence seems conclusive that sealing of worked- 
out or abandoned sections of mines results in inhibiting acid formation. 
"Sealing" must be made air-tight.

PUBLISHED REPORTS AND(OR) ARTICLES:
Leitch, R. D., Yant, W. P., and Sayers, R. R., 1930, Effect of sealing on 

acidity of mine drainage: U.S. Bureau of Mines, RI 2994, 11 p.

Leitch, R. D., Yant, W. P., and Sayers, R. R., 1930, Effect of sealing on
acidity of mine drainage: U.S. Bureau of Mines Report of Investigations/ 
2994.

Leitch, R. D., and Yant, W. P., 1930, Sealing old workings prevents acid formation 
and saves pipes and streams: Coal Age, vol. 35, p. 78-80.
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SUPPLEMENTAL DATA D: SUMMARY 3

Annotated bibliography of large area studies pertinent 
to the hydrology of the Hoosier National Forest area.
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REFERENCE _CODE: H/S3-1

(Soon to be published)
Bobo, L. L., and Martin, J. D., Evaluation of ground-water quality, coal mining 

region, southwestern Indiana.

(Soon to be published)
Crawford, C. G., Analysis of historical surface-water-quality data in the coal 

mining region of southwestern Indiana.

(Soon to be published)
Renn, D. E., Analysis of storrawater quality for different land uses in the 

coal-mining region of southwestern Indiana.

Renn, D. E., Ragone, S. E., and Wilber, W. G., 1980, Quality of surface water 
in the coal-mining region, southwestern Indiana, March and May 1979: 
U.S. Geological Survey Open-File Report 80-970, 65 p.

(Soon to be published)
Renn, D. E., Wilber, W. G., and Crawford, C. G., Quality of surface water in

the coal-mining region, southwestern Indiana, October 1979 to September
1980.

(Soon to be published)
Wangsness, D. J., A preliminary biological assessment of streams in the coal 

mining region of southwestern Indiana.

(Soon to be published)
Wilber, W. G., Crawford, C. G., Renn, D. E., Ragone, S. E., and Wangness, D. J., 

Preliminary assessment of the factors affecting water quality in the coal 
mining region, southwestern Indiana, March to October 1979.

AVAILABLE FROM:
Authors
U.S. Geological Survey
Indianapolis, IN 46202

ABSTRACT:
Under Section 507 (b)(ll) of Public Law 95-87 (the Surface Mine Control and 
Reclamation Act) an appropriate Federal or State Agency must provide applicants 
for coal-mining permits water-quality and hydrologic information on the 
"general area" so that the applicant can assess the probable effects of the 
proposed mining. This information will also enable the regulatory authority to 
make an assessment of the probable cumulative impacts of all anticipated mining 
in the general area and its effects on water quality and hydrology.

To help meet the goals of Public Law 95-87 the U.S. Geological Survey is 
establishing a data-collection network in the coal-mining region of southwestern 
Indiana. The purpose of this network is to provide water-quality and hydrologic 
data on the "general area" for coal-mining permits.
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REFERENCE CODE: H/S3-1 Continued.

Water-quality and hydrologic data were collected at 85 sites in October 1979 
and at 21 sites monthly from January through September 1980. These samples 
were collected during steady-state flow conditions. Samples were also 
collected 10 times during nonsteady-state flow conditions at 8 sites from 
March to June 1980. At each site water samples were collected for determining 
concentrations of selected heavy metals, cations and anions, nutrients, and 
trace elements. Specific conductance, pH, water temperature, dissolved 
oxygen, and instantaneous discharge were also measured at each site. During 
October 1979 streambed samples were collected at 85 sites for determining 
concentrations of absorbed constituents on sediment smaller than 63 microns 
in diameter. Also, during March 1980 streambed samples were collected at 
14 sites for coal separation analysis.

REFERENCE CODE: H/S3-2

(Soon to be published)
Bobo, L. L., and Eikenberry, S. E., Ground and surface-water quality and

hydrologic data from in and around an active surface coal-mine, Clay
and Vigo Counties, Indiana; U.S. Geological Survey.

AVAILABLE FROM:
U.S. Geological Survey, WRD
Indianapolis, IN 46202

ABSTRACT:
Few data exist from reclaimed surface coal mines to evaluate water quality and 
hydrology, particularly in areas where high acid-production potential material 
is selectively buried. Because so few data exist from these regions, a study 
was done to determine the effects of modern mining and reclamation on both 
ground and surface water in and around an active reclaimed surface coal mine, 
Clay and Vigo Counties, Indiana.

From September 1977 through February 1980, water quality and hydrologic data 
were collected from 41 wells and 24 stream sites. Land use in the study area 
was: agricultural and forested, affected and unaffected by mining operations, 
and reclaimed and unreclaimed surface coal mine.

Field measurements included water temperature, specific conductance, pH, Eh, 
dissolved oxygen, ground-water elevations and streamflow. Water samples from 
wells and streams were analyzed for concentration of major cations and anions, 
alkalinity, hardness, aluminum, iron, manganese, trace elements* organic 
carbon, phosphorous and dissolved-solids residue at 180 degrees Celsius.

Ferrous iron concentrations were determined in water samples from selected wells, 
and percent sulfur by weight and potential acidity were determined in split- 
drive reclaimed-cast-overburden samples. Additional analyses of stream samples 
done to determine (1) concentrations of elements absorbed onto streambed 
materials, (2) concentrations and particle size of suspended-sediment water, 
and (3) populations and Shannon diversity indices of phytoplankton in water.
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REFERENCE CODE: H/S3-2 Continued.

This report includes a compilation and summary statistics by site for most of 
these data and methods of sampling and analysis.

REFERENCE CODE: H/S3-3
(Soon to be published)
Crawford, C. G. and Wilber, W. G., Distribution of metals in dissolved and

particulate phases in streams draining surface mined and non-surface
mined watersheds in southwestern Indiana.

(Soon to be published)
Crawford, C. G. and Wilber, W. G., Mineralogy and transport phases of metal 

in streams draining the coal mining region of southwest Indiana.

AVAILABLE FROM:
Authors
U.S. Geological Survey, WRD
Indianapolis, IN 46202

ABSTRACT:
A continuous-flow-through supercentrifuge has successfully been used to distinguish 
between dissolved, colloidal and particulate phases of metals transport in streams 
located in the coal-mining region of southwest Indiana. The technique was used 
to compare streams draining forested, agricultural, and both reclaimed and un 
reclaimed surface-mined watersheds.

Most of the metals were found to be transported in the dissolved phase regardless 
of land use. Metals associated with the suspended particulate and colloidal 
fractions usually amounted to only a small percentage of the total concentration 
in the stream. Concentrations of metals were generally highest in streams 
draining unreclaimed surface-mined watersheds. Concentrations of metals in 
streams draining reclaimed surface-mined watersheds were generally higher than 
those draining forested or agricultural watersheds although substantially less 
than found in streams draining unreclaimed surface-mined watersheds.

Metals concentrations on the particles were found to be higher in the least 
disturbed watersheds. The highest concentrations were found on particles in 
streams draining forested watersheds and the lowest on particles in streams 
draining unreclaimed surface-mined watersheds.

REFERENCE CODE: H/S3-4

(Soon to be published)
Martin, J. D., Design of groundwater-quality monitoring network methodology 

for planners and managers.
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REFERENCE CODE: H/S3-4 Continued.

AVAILABLE FROM:
Author
U.S. Geological Survey, WRD
Indianapolis, Indiana 46202

ABSTRACT
The report describes the process of designing a groundwater quality monitoring 
network for a representative portion of southwestern Indiana. Major emphasis 
will be placed on determining groundwater quality data needs. Laws and 
programs requiring groundwater quality data will be identified. Agency/user 
data needs will be reported (where determined by agency or specified by law) 
or determined (by author in view of objectives of programs or law). Common 
groundwater quality data needs will be determined.

Available groundwater quality data will be analyzed to: (1) determine factors 
affecting groundwater quality and (2) determine adequacy of data to meet needs. 
A monitoring network will be proposed to meet common data needs.

A non-technical report format will be used to facilitate the communication of 
the process, analyses, and results to water resource managers and planners.

REFERENCE CODE: H/S3-5

(Soon to be published)
Wangness, D. J., and others, 1981, Hydrology of Area 33, Eastern Region,

Interior Coal Province, southwestern Indiana and northern Kentucky:
U.S. Geological Survey Open-File Report 81-423.

(Soon to be published)
Wangsness, D. J., Miller, R. L., Bailey, Z. Chapman, and Crawford, C. G., 1981, 

Hydrology of Area 32, Eastern Region, Interior Coal Province, south 
western Indiana: U.S. Geological Survey Open-File Report 81-498.

(Soon to be published)
Wangsness, D,. J., Mackenzie, A. L., Miller, R. L., Bailey, Z. Chapman, and

Arihood, L. D., Hydrology of Area 30, Eastern Region, Interior Coal
Province, southwestern Indiana.

SUMMARY:
The coal provinces of the country are divided into hydrologic reporting areas. 
Hydrologic information and sources are presented as text, tables, maps, and 
other illustrations designed to be useful to mine owners, operators, and 
consulting engineers in planning and implementing surface-mine operations that 
comply with the environmental requirements of the "Surface Mining Control and 
Reclamation Act of 1977."
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REFERENCE CODE: H/S3-6

Banaszak, K. J., 1980, Coals as Aquifers in the Eastern United States: 
Symposium on Surface Mine Hydrology, Sedimentation, and Reclamation, Lexington, 
Kentucky, Proceedings, p. 235-248.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Coals have long been known as aquifers in the western United States. In the 
more humid east, coal generally have not been considered as aquifers because 
of other abundant ground water resources. The presence of an underclay, the 
development of cleats (joints) within the coal, and the absence of highly 
permeable beds within the coal measures all can result in the coal being a 
major water-producing zone in the stratigraphic section. This situation is 
exemplified in southwestern Indiana. These examples indicate 1) that the 
quality of water in the coal can be at least as good as or better than any 
in the coal section and 2) that the amount of water produced ranges from 5 to 
40 liters per minute (1 to 10 gallons per minute), sufficient only for domestic 
use.

Area coal mining should not cause irreparable harm to these aquifers and 
probably will enhance recharge of this type of aquifer, because the replaced 
spoil could act as an infiltration gallery. The major concern is quality. 
If the water table fluctuates, or if acid- or toxic-producing materials are 
in the vadose zone within the spoil, degradation of water quality is likely. 
Knowledge of the geologic section and selective handling, if necessary, of 
those materials will make it possible for area coal mining to enhance, rather 
than to degrade, eastern coal aquifers. (Author's abstract)

REFERENCE CODE: H/S3-7

Bob, L. L., 1979, Gazetteer of coal-min lakes in southwestern Indiana: 
U.S. Geological Survey Water-Resources Investigations 79-67, 107 p.

ABSTRACT:
This gazetter is a catalog of lakes formed by surface coal mining in south 
western Indiana that are 0.5 acre or larger and in nonactive mine areas. 
Approximately 1,000 of the lakes are listed by 7.5-minute quadrangle topo 
graphic map name, lake-identification number, latitude and longitude, and 
county. Other data given are shape of lake, maximum length, mean width, 
length and development of shoreline,, surface area, orientation, presence of a 
stream inlet or outlet, and geologic data (geologic formation of area 
surrounding the lake and the mined coal-bed member). Field data (sampling 
date, pH, specific conductance, apparent color of lake, and general vegetation 
along the shoreline) were collected for 287 of the lakes.

Two-hundred eighty-seven lakes were sampled once for pH and specific conductance. 
Vegetation along the shoreline and apparent color of each lake were identified 
at the same time. Although these data are not sufficient to quantify the water 
quality of the lakes, they do illustrate the variability of these characteristics, 
The pH of the 287 lakes ranged from 2.5 to 10.0; however, the pH of 80 percent
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REFERENCE_CODE: H/S3-7 Continued.

of them ranged from 6 to 9. Specific conductance ranged from 99 to 3,800 
microhoms per centimeter at 25° Celsius. Specific conductance for approxi 
mately 70 percent of the lakes in the Staunton and Brazil Formations was less 
than 500 micromhos per centimeter at 25° Celsius, but for approximately 
65 percent in the Dugger and Petersburg Formations it was greater than 1,000 
micromhos per centimeter at 25° Celsius. The apparent colors of the lakes 
observed were varying shades of aqua, blue, brown, lime green, red, and green. 
Eighty percent of the lakes sampled were green.

Lakes sizes ranged from a chosen minimum of 0.5 acre to a maximum of 334 acres, 
Maximum length ranged from 0.1 to 2 miles, and the mean width was generally 
less than 0.8 miles.

REFERENCE CODE: H/S3-8

Wiram, V. P., 1976, Pyrite in the Coxville Sandstone Member, Linton Formation, 
and its effects on acid mine conditions near Latta, Greene County, 
Indiana: Indiana Department of Natural Resources, Geological Survey 
Occasional Paper 20, 10 p.

ABSTRACT:
Petrographic, X-ray diffraction, and chemical studies have shown that the 
basal 5 to 10 feet of the Coxville Sandstone Member of the Linton Formation, 
especially where the sandstone rests directly on the underlying Seelyville 
(III) Coal Member, causes acid mine drainage and acid spoil problems in 
normal strip mine operations at the Latta mine in Greene County. Framboidal 
(6 to 50 u) and secondary pyrite comprise as much as 5 to 10 percent of this 
friable porous fine-grained basal sandstone. Oxidation of the pyritic sand 
stone and subsequent leaching yield effluents with pH values of 2.5 to 3. 
Preferential stripping and burial of the pyrite-rich sandstone below the 
ground water table at the foot of the advancing cast overburden bank are 
recommended to prevent acid mine drainage problems, to avoid reexposure of 
acid-producing sandstone during regrading, and to prevent further oxidation of 
pyrite. Maps outlining sandstone bodies and pointing out areas with high 
acid-producing potential can be developed from sandstone-shale ratios.

REFERENCE: CODE: H/S3-9

Corbett, D. M., 1968, Ground-water hydrology pertaining to surface mining for 
coal southwestern Indiana: Pittsburgh, Pennsylvania, Second Symposium 
of Coal-Mine Drainage Research, p. 164-189.

ABSTRACT:
The theme of this report is that cast overburden from surface mining for coal 
in southwestern Indiana has formed massive man-made groundwater aquifers 
capable of storing large volumes of water resulting directly from precipitation,
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REFERENCE CODE: H/S3-9 Continued.

During the three-year study period reported, it was found that these aquifers 
materially reduce major flood flows and crests during wet periods; on the 
other hand, these aquifers increase flows during extended dry periods and 
during summer and fall seasons when the stream flow is below lowland flooding. 
Although southwestern Indiana has yet to experience a major flood since the 
beginning of the study in September 1964, it can now be demonstrated that the 
low water yield from cast overburden during near-normal and abnormally wet 
summers is two to four times greater than during the extreme drought period 
of October 1964. From the documented facts contained in the report, it has 
also been concluded that much of the water produced by these cast overburdens 
was not only captured by the last or final cuts to form sizable lakes, but also 
a large amount was retained in the adjacent cast overburdens, replenishing 
annual losses by evaporation, seepage, and outflow from these lakes. Data 
have been analyzed for two tributaries of the Patoka River and three tributaries 
of Busseron Creek.

REFERENCE CODE: H/S3-10

Sternberg, Y. M. and Agnew, A. F., 1968, Hydrology of surface mining a case 
study: Water Resources Research, vol. 4, no. 2, p. 363-368.

ABSTRACT;
A mathmetical model representing a strip mined area is formulated and analyzed, 
Solutions are obtained for the changes in ground water elevation and ground 
water flow that would occur in response to a uniform rate of deep percolation 
over the spoil bank. The solutions developed are for a bounded one 
dimensional aquifer (spoil bank) where the water level in the last cut (ditch) 
is a function of time described by an error function. The solution for the 
ground water flow can be used to forecast maximum and minimum flows from the 
spoil bank to the last cut.

REFERENCE CODE: H/S3-11

Gluskoter, H. J., 1965, Composition of ground water associated with coal in 
Illinois and Indiana: Economic Geology, v. 60, no. 3, p. 614-620.

ABSTRACT:
Mineral constituents of uncontaminated ground water from coal seams are 
predominantly alkalies and chloride, with chloride accounting for about 60 
percent of total dissolved solids. Total dissolved solids and total chloride 
increase with depth. Median pH is 7.7. (Author's abstract)
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REFERENCE CODE: H/S3-12

Truax, C. N., Jr., 1965, Water Storage potential of surface-mined coal lands: 
Mineral Congress Journal.

ABSTRACT:
Research scientists at Indiana University have verified that cast overburdens 
resulting from coal mining operations act as reservoirs for ground water. 
During a drought last year streams and lakes in a mined area in southwestern 
Indiana maintained good levels while nearby streams were dry.
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SUPPLEMENTAL DATA E

NAWDEX listings of sources of monitoring-site data found in 
the Jefferson National Forest study area.
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SUPPLEMENTAL DATA E: LISTING 1

Sources of streamflow and stage data in the Jefferson National 
Forest area.
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SUPPLEMENTAL DATA E: LISTING 2

Sources of surface-water-quality data in the Jefferson National 
Forest area.
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SUPPLEMENTAL DATA E: LISTING 3

Sources of ground-water-quality data in the Jefferson National 
Forest area.
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SUPPLEMENTAL DATA F

Annotated bibliography of investigations pertinent to coal 
mining and water resources in the Jefferson National Forest 
study area.
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SUPPLEMENTAL DATA F: SUMMARY 1

Annotated bibliography of hydrologic studies performed 
in small areas of the Jefferson National Forest area.

194



REFERENCE CODE: J/S1-1

TITLE; Carroll County Groundwater. 

COMPLETION DATE: Scheduled for late 1981. 

GEOGRAPHICAL AREA: Southwest Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
These reports identify and define the conditions governing the availablity and 
the quality of the groundwater in a specific area. Information that covers 
both general and technical characteristics has been incorporated within in 
order to make this report of maximum service to the citizens of Virginia. 
(R. V. Davis, Executive Secretary, Virginia State Water Control Board).

PUBLISHED REPORTS AND(OR) ARTICLES:
Planning Bulletin (number unassigned as of June 1981).

AVAILABLE FROM:
Virginia State Water Control Board
408 E. Main Street
Abingdon, Virginia 24210

REFERENCE CODE: J/S1-2

TITLE: Dickenson County Groundwater.

COMPLETION DATE: 1981.

GEOGRAPHICAL AREA; Southwest Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
These reports identify and define the conditions governing the availability and
the quality of the groundwater in a specific area. Information that covers both
general and technical characteristics has been incorporated within in order to
make this report of maximum service to the citizens of Virginia.
(R. V. Davis, Executive Secretary, Virginia State Water Control Board).

PUBLISHED REPORTS AND(OR) ARTICLES:
Planning Bulletin (number unassigned as of June 1981).

AVAILABLE FROM:
Virginia State Water Control Board
408 E. Main Street
Abingdon, Virginia 24210
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REFERENCE CODE: J/S1-3

TITLE: Hydrologic Investigation of a Portion of the Georges Branch Drainage 
near Teas, Virginia.

STARTING DATE: 1981.

GEOGRAPHICAL AREA: Southwest Virginia.

AREAL EXTENT; Approximately 100 acres.

PURPOSE, OBJECTIVES, AND(OR) ABSTRACT:
The quantity and quality of water in Georges Branch is being investigated to 
determine the affects of mining. Of primary concern is the possible problems 
associated with sediment derived from inactive manganese mine spoil piles. 
Silt laden waters can seriously affect fish hatchery operations downstream. 
Data will be collected for two years in an effort to document streamflow 
characteristics and to determine the need and feasibility of restoration. 
(Oral communication, Bill Morrison, U.S. Forest Service, Roanoke, Virginia, 
June 9, 1981).

PUBLISHED REPORTS AND(ORl ARTICLES;
In-unit report to be completed at end of study.

AVAILABLE FROM: 
U.S. Forest Service 
210 Franklin Road SW 
Caller Service 2900 
Roanoke, Virginia 24001

REFERENCE CODE: J/S1-4

TITLE: Quality of Surface Water in the Coal Mining Area of Southwest Virginia.

GEOGRAPHICAL AREA; Lee, Scott, Buchanan, Dickenson, Wise, and Russell
Counties, southwestern Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
In 1978, the U.S. Geological Survey made a reconnaissance of the surface-water 
quality in the coal mining area of southwest Virginia. The survey was directed 
toward providing baseline water-quality data against which any future changes 
could be compared. Available data were examined as a guide for selecting 
parameters to be measured during the 1978 survey. The purpose of. this report 
is to summarize the findings of this reconnaissance and to characterize the 
water quality of streams in the southwest Virginia coal mining area.

Water samples were collected from six major streams at 6-week intervals during 
1978 to define the temporal variation in surface-water quality. The spatial 
variation in water quality was determined by synoptic sampling of 63 stations 
during a 3-day low-flow period between September 26 and 28, 1978.

196



REFERENCE CODE: J/ SI -4 Continued.

PUBLISHED REPORTS AND(OR) ARTICLES:
Rogers, S. M. and Hufschmidt, P. W., 1980, Quality of surface water in the coal

mining area of southwest Virginia, U.S. Geological Survey Water-Resources
Investigations Open-File Report 80-769, 2 p.

AVAILABLE FROM: 
U.S. Geological Survey, WRD 
200 West Grace Street, Room 304 
Richmond, Virginia 23220

REFERENCE CODE: J/S1-5

TITLE; John W. Flannagan Reservoir, Dickenson County, Virginia.

STARTING DATE: 1975.

GEOGRAPHICAL AREA: Southwest Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Annual total phosphorus and total nitrogen loadings to the lake were estimated
and subdivided according to either point or non-point source origin. An
assessment of the lake's trophic condition and limiting nutrient is also
provided. All data collected by the U.S. EPA National Eutrophication Survey
during the one year study of the lake and its tributaries are included in the
report.

PUBLISHED REPORTS_AND(OR) ARTICLES: 
Working Paper-463.

AVAILABLE FROM:
Virginia State Water Control Board
2111 N. Hamilton Street
P.O. Box 11143
Richmond, Virginia 23219

REFERENCE CODE: J/Sl-6

TITLE: The Recovery of Damaged Streams

STARTING DATE; 1971.

GEOGRAPHICAL AREA; Southwest Virginia.
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REFERENCE CODE: J/S1-6 Continued.

PURPOSE, OBJECTIVES, AND(OR) ABSTRACT:
Four cases are described in which streams in the northeastern U.S. recovered 
from various stresses: (1) simulated shock acidification of Mill Creek, 
near Blacksburg, Virginia; (2) long-term acid mine drainage from Appalachian 
coal fields into Indian Creek in southern Pennsylvania and Little Scrubgrass 
Creek in northwestern Pennsylvania; (3) an ethyl benzene-creosote spill on 
October 10, 1970 in the Roanoke River at Salem, Virginia; and (4) two 
industrial spills on the Clinch River in southwestern Virginia and north 
eastern Tennessee. The ability of a stream to assimilate wastes depends on 
its capacity to transform them before they reach deleterious levels. 
Recovery from overload depends on (1) the severity and duration of the stress; 
(2) associated stresses; (3) recolonization by beneficial organisms; and 
(4) residual effects upon nonbiological units, such as the substrate. 
Short-term acute stress from release of acidic or caustic materials results 
in immediate reduction in the macroinvertebrate and fish communities. A 
rapid recovery may be expected when no residual toxicity is found and 
recolonizing organisms are available from undamaged areas. Long-term acute 
stress, and stresses from materials with residual toxicities, also produce an 
immediate reduction in both diversity and density of organisms, but with 
residual toxicities the surviving macroinvertebrates tend to form an interm 
atypical community which persists for the duration of the toxicity.

PUBLISHED REPORTS AND(OR) ARTICLES;
Cairns, J., Jr. and others, 1971, The recovery of damaged streams: ASB 

Bulletin Vol. 18, No. 3, p. 79-106.

AVAILABLE FROM:
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24060

REFERENCE CODE: J/S1-7

TITLE: A Biological and Chemical Water Quality Investigation of the Pound 
River Watershed.

STARTING DATE; 1970.

GEOGRAPHICAL AREA: Southwest Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
This detailed study of the Pound River, located in Virginia near the Kentucky 
border, was made after a preliminary investigation of a reported- fish kill 
revealed acid mine drainage pollution. Results of biological and chemical 
sampling carried out a designated stations during 1970 are given. In many 
sections benthic life was found to be depressed or non-existent. High manganese 
and zinc as well as acid and high iron content were found in the most polluted 
sections of the river. In a live box study of the ability of the stream to 
support fish life, fish did not survive beyond 24 hours. Sources of mine 
drainage are identified.
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REFERENCE CODE: J/S1-7 Continued.

PUBLISHED REPORTS AND(OR) ARTICLES: 54 page report,

AVAILABLE FROM:
Virginia State Water Control Board
Technical Services Division
2111 N. Hamilton Street
P.O. Box 11143
Richmond, Virginia 23219.
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SUPPLEMENTAL DATA F: SUMMARY 2

Annotated bibliography of studies concerned with the influence 
of coal mining on the water resources of any small areas in 
Virginia.
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REFERENCE CODE: J/S2-1

TITLE: Stream Water Quality in the Coal Region of Virginia. 

GEOGRAPHICAL AREA: Selected counties in the Appalachian coal region.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
This study was undertaken with the primary objective of establishing a water 
quality data base for small first order unmined and surface-mined watersheds 
throughout Appalachia. There is a need for data which explicitly show changes 
in water quality attributable to both old and recent surface mining. Most 
previous water quality data in the study area was from watersheds so large it 
was impossible to isolate the effects of surface mining from the confounding 
effects of other activities of man.

Small streams were sampled in selected counties in the State where coal is 
surface mined. Sampling was at approximate monthly intervals. The water 
quality data from these streams are presented in this report and should help 
fill the need for data from small watersheds in Appalachia.

PUBLISHED REPORTS AND(OR) ARTICLES:
(soon to be published)
Dyer, K. L., Stream water quality in the coal region of Virginia, Part 6 of

Water quality of Appalachia, U.S. Department of Agriculture, Forest
Service, Berea, Kentucky.

AVAILABLE FROM:
U.S. Department of Agriculture
Forest Service
Northeastern Forest Experiment Station
Route 2, Kentucky Highway 21 East
Berea, Kentucky 40403

REFERENCE CODE: J/S2-2

TITLE: Buchanan County Groundwater.

COMPLETION DATE: 1978.

GEOGRAPHICAL AREA: Southwest Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
These reports identify and define the conditions governing the availability 
and the quality of the groundwater in a specific area. Information that 
covers both general and technical characteristics has been incorporated within 
in order to make this report of maximum service to the citizens of Virginia. 
(R. V. Davis, Executive Secretary, Virginia State Water Control Board).

PUBLISHED REPORTS AND(OR) ARTICLES:
Epps, S. R., 1978, Buchanan County groundwater present conditions and prospects 

Virginia State Control Board, Planning Bulletin No. 311, 75 p.
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REFERENCE CODE: J/S2-2--Continued,

AVAILABLE FROM;
Virginia State Water Control Board
408 E. Main Street
Abingdon, Virginia 24210

REFERENCE CODE; J/S2-3

TITLE; Acid Mine Drainage and its Impact on a Small Virginia Stream, 

GEOGRAPHICAL AREA; Southwest Virginia,

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
A study was conducted to chemically characterize three streams entering 
Chestnut Creek in southwestern Virginia and to assess the biological and 
chemical alterations in the creek. Over a six mile reach, the benthic 
macroinvertebrate population was reduced to zero, the natural low alkalinity 
(25 mg/1) of the stream was reduced to less than 5 mg/1, and the pH was 
reduced from 7.2 to 6.3. Increased concentration of iron from less than 
0.01 mg/1 to more than 4.0 mg/1 was accompanied by the deposition of a 
coating of iron hydroxide up to 0.25 inches thick in the stream bed, which is 
probably responsible for the absence of benthic macroinvertebrates. In situ 
bioassays with bluegill, sunfish, and one snail species showed that the creek 
water, after confluence with streams, was not toxic in 192 hours to fish, 
and snails survived 96 hours before they began to die. Undiluted was 
highly toxic.

PUBLISHED REPORTS AND(OR) ARTICLES;
Hoehn, R. C., and Sizemore, 1977, Acid mine drainage and its impact on small

Virginia streams; Virginia Polytechnic Institute Water Resources
Bulletin, V. 13, No. 1, p. 153-160.

AVAILABLE FROM;
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24060
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SUPPLEMENTAL DATA f: SUMMARY 3

Annotated bibliography of large area studies 
pertinent to the hydrology of the Jefferson 
National Forest area.
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REFERENCE CODE: J/S3-1

Hufschmidt, P. W. and others, 1981, Hydrology of area 16, eastern coal province, 
Virginia, Tennessee: U.S. Geological Survey Open-File Report 81-204.

SUMMARY:
The coal provinces of the country are divided into hydrologic reporting area. 
Hydrologic information and sources are presented as text, tables, maps, and 
other illustrations designed to be useful to mine owners, operators, and 
consulting engineers in planning and implementing surface-mine operations that 
comply with the environmental requirements of the "Surface Mining Control and 
Reclamation Act of 1977."

REFERENCE CODE: J/S3-2

Higgins, D., 1980, Water resources of the Jefferson National Forest: U.S. Forest 
Service, unpublished report, 56+ p.

AVAILABLE FROM: 
U.S. Forest Service 
Caller Service 2900 
210 Franklin Road SW 
Roanoke, Virginia 24011

ABSTRACT:
This report presents the results of an Order 4 Water Resource Inventory for the 
Jefferson National Forest. A water resource inventory is an organized 
characterization of water in all phases of the hydrologic cycle, maximizing 
the use of available information and data. It is performed in response to 
public issues and management concerns. An Order 4 is a low intensity survey 
intended to provide a broad overview of the Forest's water resource. The 
purpose of this report is to provide information for the Forest land and 
resource management plan. It is also intended to serve as a hydrologic data 
base to be used by watershed specialists in future water resource planning 
and evaluations. (From Introduction)

REFERENCE CODE: J/S3-3

Scott, A. G., 1980, An interim report on the investigation of flooding in the 
Tug Fork basin of Kentucky, Virginia, and West Virginia: U.S. Geological 
Survey, Water-Resources Investigation, Open-File Report 80-1188, p. 116.

ABSTRACT:
An analytical plan is presented for a study of the effects of land-use changes 
on the magnitude and frequency of flood-peak flows and on sediment characteristics 
of the Tug Fork in Kentucky, Virginia, and West Virginia. The plan includes 
compilation and analysis of available data, collection of new data on small, 
single land-use drainage areas for deterministic computer modeling, and creation 
of a computer model of the Tug Fork basin for definition of cumulative land- 
use impacts.
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REFERENCE CODE: J/S3-3 Continued.

Also presented is a compilation of the available hydrologic data and a description 
of related studies expected to provide information and data useful to the on 
going work. The data compilation includes: Hourly precipitation for selected 
days and annual maximum daily precipitation for nine sites, annual maximum 
streamflow rates and stages for three stream-gaging sites, hourly gageheight 
and discharge rates for selected storms at four stream-gaging sites, flood 
profiles, flood-frequency relations, and other streamflow information.

REFERENCE CODE: J/S3-4

Runner, G. S. and Chin, E. H., 1980, Flood of April 1977 in the Appalachian
region of Kentucky, Tennessee, Virginia, and West Virginia: U.S. Geological
Survey Professional Paper 1028.

ABSTRACT:
Heavy rains fell over the Appalachian region of Kentucky, Tennessee, Virginia, 
and West Virginia April 2-5, 1977, causing record flooding. Rainfall amounts 
of 4 to 15.5 inches were observed. The maximum amount of 15.5 inches occurred 
at Jolo, West Virginia, in about 30 hours. This was more than twice the amount 
which would be expected for a 100-year recurrence-interval storm. Flood 
discharges along the upper Guyandotte River; Tub Fork, and Levisa Fork in the 
Big Sandy River basin; Cumberland River; and Clinch River and Dowell River in 
the Tennessee River basin exceeded those previously known. Severe flooding 
also occurred along the Holston River and along the North Fork Kentucky River. 
Recurrence intervals of observed flood discharges were greater than 100-years 
at 29 streamflow measurement sites. Substantial reductions in peak stages and 
discharges on Levisa Fork, North Pound River, and Guyandotte River, attained as 
a result of reservoir storage, were reported by U.S. Army Corps of Engineers. 
Maximum daily suspended-sediment discharges on Guyandotte River near Baileysville, 
West Virginia, and Tug Fork at Glenhayes, West Virginia, were 54,800 tons/day 
and 290,000 tons/day, respectively, April 5, 1977. Twenty-two lives were lost 
and total property damage reportedly exceeded $400 million in the four-state 
area.

REFERENCE CODE: J/S3-5

Ross, B. B. and others, 1976, A model for predicting flood hazards due to 
specific land-use practices, Virginia Polytechnical Institute Bulletin 
No. 99, Blacksburg, Virginia.

ABSTRACT:
This investigation developed a finite element model for mathematically routing 
overland and channel flow when rainfall excess is known. To determine rainfall 
excess, a procedure was developed to subdivide a drainage area into similarly 
responding units, defined as hydrologic response units. These units were
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REFERENCE CODE: J/S3-5 Continued.

functions of soil texture, soil depth, land use, and hydrology group classification, 
A computer model, based on the Mein and Larson and Holtan infiltration equations, 
was developed to generate excess precipitation for each hydrologic response unit. 
A finite element grid, devised for both the watershed and the main streams, allowed 
use of the hydrologic response units within an element to obtain weighted 
rainfall excess values for each element. A one-dimensional finite element scheme, 
in conjunction with Galerkin y s residual method, simulated overland and open 
channel flow. Hurricane Camille (August, 1969) provided an event by which the 
model was tested and calibrated on the South River watershed in Augusta County, 
Virginia. Having the ability to report changes in land use, the finite element 
procdure allowed several arbitrary land-use changes to be incorporated into the 
model in order to observe the river's response under flood conditions. The 
effects of changes in the number and size of the elements in the watershed and in 
the streams also were observed, along with changes in the size of the time 
increment.

REFERENCE CODE: J/S3-6

Miller, E. M., 1971, Virginia small streams program, preliminary flood-frequency 
relations: U.S. Geological Survey Open-File Report, 16 p.

AVAILABLE FROM: 
U.S. Geological Survey, WRD 
200 West Grace Street, Room 304 
Richmond, Virginia 23220

ABSTRACT:
Techniques are presented for estimating the probable magnitude and frequency 
of floods on small streams in Virginia. Also included is the history and current 
status of the cooperative program of small stream flood frequency investigations 
in Virginia/ Regression equations are based on records collected on streams 
that are virtually unaffected by the influences of urbanization. Therefore, the 
relations should not be used for estimating flood magnitudes and frequencies 
for streams with appreciable amounts of urbanization in their basins. Graphical 
techniques were used to define flood-frequency curves for small stream sites with 
the 5 to 10 years of available record. Also for the 1964-70 period, frequency 
curves were drawn for 20 long term record gaging stations in the Atlantic slope 
basins and 14 long term record gaging stations in the Ohio River basins. 
Frequency curves using annual peaks for the total period of record were available 
for all the long term stations. The regression equations are applicable for 
estimating the 2, 5, and 10-year flood magnitudes at small sites in Virginia.
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REFERENCE CODE; J/S3-7

Musser, J. J., 1965, Water Resources of the Appalachian Region: Pennsylavnia 
to Alabama; U.S. Geological Survey Hydrologic Investigation Atlas HA-198, 
Sheet 9.

SUMMARY:
Acid streams in the Appalachian region are identified and discussed, and the
amount of acidity as H~SO, discharged annually into several streams is tabulated,

REFERENCE CODE: J/S3-8

Biesecker, J. E. and George, J. R., 1966, Stream quality in Appalachia as
related to coal-mine drainage, 1965: U.S. Geological Survey Circular 526, 
27 p.

ABSTRACT:
A stream-quality reconnaissance at 318 locations in May 1965 offered the first 
opportunity for a contemporaneous regional collection and appraisal of water- 
quality data in Appalachia. The results provide a means of regional comparison 
of the influence of coal-mine drainage on stream quality at approximately 
median streamflow. The results disclose that the chemical quality of the 
water at nearly 200 sites did not meet recommended drinking-water standards. 
At many of these sites, inferior quality was caused by excessive concentrations 
of solutes commonly associated with coal-mine waters.

Water-quality damage from mine drainage is particularly severe in the more heavily 
mined northern one-third of the region where high sulfate content, free mineral 
acidity, and low pH are typical of most affected streams. A deficiency in 
natural stream alkalinity in this part of the coal region contributed greatly to 
the massive effect of mine drainage upon .stream quality. However, data collected 
from streams affected by mine drainage along the west edge of this part of the 
coal field suggest extensive neutralization of mine water. In southern Appalachian 
coal-mine drainage had less influence on stream quality than in northern 
Appalachia. Fewer streams in this area were influenced by mine drainage, and 
the magnitude of stream damage for affected streams was less than in northern 
Appalachia. (Author's abstract)
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SUPPLEMENTAL DATA G

NAWDEX listings of sources of monitoring-site data found 
in the Monongahela National Forest study area.

208



SUPPLEMENTAL DATA G: LISTING 1

Sources of streamflow and stage data in the Monongahela 
National Forest area.
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SUPPLEMENTAL DATA G: LISTING 2

Sources of surface-water-quality data in the Monongahela 
National Forest area.
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SUPPLEMENTAL DATA G: LISTING 3

Sources of ground-water-quality data in the Monongahela National 
Forest area.
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SUPPLEMENTAL DATA H

Annotated bibliography of investigations pertinent to coal 
mining and water resources in the Monongahela National 
Forest study area.
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SUPPLEMENTAL DATA H: SUMMARY 1

Annotated bibliography of hydrologic studies performed in 
small areas of the Monongahela National Forest area.
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REFERENCE CODE; M/S1-1

TITLE: Sediment Yield of Taylor Run.

STARTING DATE; July 1978.

GEOGRAPHICAL AREA; Randolph County, West Virginia.

AREAL EXTENT; 5 mi2

PURPOSE, OBJECTIVE, AND(OR) RESULTS:
Problem: Modern highways are needed in mountainous regions to transport an 
expanding population and natural resources such as timber and coal. These new 
highways also make formerly isolated areas available for recreation and make 
aesthetic regions accessible for the growing tourism trend in West Virginia. 
The local public, environmentalists, and sportsmen, however, believe that 
highway construction is responsible for sediment loads that endanger the streams 
and rivers of the area.

Objective: To monitor streams and differentiate between the amounts of sediment 
derived from highway construction and from logging and mining.

Approach: Study area will include 5 square miles in Taylor Run basin, Randolph 
County, West Virginia. Suspended sediment data will be collected to monitor 
mine sedimentation. The effects of logging, and other operations.

PUBLISHED REPORTS AND(ORl ARTICLES: 
(Planned)
Ward, S. M., The effects of highway construction on sediment yield of Taylor 

Run in Randolph County, West Virginia.

AVAILABLE FROM:
U.S. Geological Survey, WRD
Mont Chateau
Mont Chateau Road
Morgantown, West Virginia 26505

REFERENCE CODE: M/Sl-2

TITLE: Water in Hampshire, Hardy, and Western Morgan Counties, West Virginia,

STARTING DATE: July 1971.

COMPLETION DATE: June 1973.

GEOGRAPHICAL AREA: Hampshire, Hardy, and Morgan Counties, West Virginia.

AREAL EXTENT: 785 mi2
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REFERENCE CODE: M/S1-2--Continued.

PURPOSE, OBJECTIVES^ AND(OR) RESULTS:
Emphasis in this report is on the effect of fractured sedimentary consolidated 
aquifers on ground-water and surface-water hydrology and chemistry. Fracture 
traces, faults and lineaments were mapped from aerial photographs, satellite 
imagery, and field observation. Water quantity and quality data were collected 
at 685 wells, 100 springs, 4 regular stream-gaging stations, and nineteen other 
small stream sites. Sixty-two selected wells were tested for drawdown and 
recovery, and the water was sampled for chemical analysis. Transmissivity 
values determined from single-well recovery tests and channel methods ranged 
from 0.6 ft2 /day for shale and siltstone to 627 ft2 /day.?for limestone.

Statistical analyses showed that wells yielding the most water were drilled on 
fractures or in valleys. Wells yielding the least were drilled on nonfractured 
areas or on hillsides or hilltops. Statistically, specific conductance varied 
from one aquifer to another, and was higher in water from valley wells than 
in water from hillside or hill wells. Sulfate concentrations were higher in 
water from wells in fractures or in valleys than in water from wells in non- 
fractured areas. Chemical analyses showed that specific conductance of ground 
water ranged from 18 to 7,600 micromhos, hardness from 3 to 6,370 mg/L, 
chloride from 1 to 1,270 mg/L, sulfate from 0 to 5,980 mg/L, iron from 0 to 
18,000 ug/L, and pH from 4 to 9. (Adapted from author's summary)

PUBLISHED REPORTS ANP(pR)_ARTICLES:
TSoon to be published)
Hobba, W. A., Jr., Groundwater description of Hampshire, Hardy, and western

Morgan Counties, West Virginia: West Virginia Geological and Economic
Survey, Bulletin 17.

AVAILABLE FROM;
West Virginia Geological and Economic Survey
Mont Chateau Research Center
Morgantown, West Virginia 26505

REFERENCE CODE: M/S1-3

TITLE: Effect of Deep Mining and Mine Collapse on Surface-Water and Ground- 
Water Hydrology.

STARTING DATE: July 1976.

GEOGRAPHICAL AREA: Marion, Monongahela, and Randolph Counties, West Virginia.

PURPOSE, OBJECTIVES, AND (OR) RESJJLTS:
The report describes the effect of underground mining and mine collapse on the 
hydrology of an area where the mined vein of coal lies above major streams, 
and in another area where the vein of coal lies below major streams. It was
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REFERENCE_CODE; M/S1-3 Continued.

found that subsidence cracks at land surface generally parallel predominant 
joint sets in the rocks. The mining and subsidence cracks cause increased 
infiltration of precipitation and surface water, decreased evapotranspiration, 
and higher base flows in some small streams. Ground-water levels in observation 
wells in under-mined areas fluctuate as much as 100 feet annually. Both 
gaining and losing streams are found in under-mined areas. Mine pumpage and 
drainage generally cause diversion of water underground from one basin to 
another. Areal and single-well aquifer tests indicated near surface rocks to 
have higher transmissivity values in a subsided basin than in unmined basins. 
Increased infiltration and circulation though near surface rocks increases 
dissolved mineral loads in streams as do treated and untreated contributions 
from mine pumpage and drainage. Abandoned and flooded underground mines make 
good reservoirs because of their increased transmissivity and storage. Sub 
sidence cracks were not successfully detected by thermal imagery, but springs 
and seeps were detected and mapped. (Adapted from author's summary)

PUBLISHED REPORTS AND(OR) ARTICLES:
(Soon to be published)
Hobba, W. A., Jr., Effects of underground mining and mine collapse on the

hydrology of selected basins, West Virginia: West Virginia Geological and
Economic Survey, Report of Investigation 33, 88 p.

AVAILABLE FROM:
U.S. Geological Survey
Mont Chateau
Mont Chateau Road
Morgantown, West Virginia 26505

REFERENCE ̂ ODE: M/S1-4

TITLE: Shavers Fork Petition Evaluation.

GEOGRAPHICAL AREA: Tucker and Randolph Counties, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
This report presents the assessments of the Office of Surface Mining in 
investigation allegations brought forth by the West Virginia Highlands Conservancy. 
The Conservancy alleged that Federally owned portions of the Monongahela National 
Forest within the Shavers Fork basin are unsuitable for surface coal mining. 
Sections of this report deal with the hydrologic cycle, acid precipitation, 
surface runoff, groundwater quality and quantity, aquatic biology, and other 
environmental and socio economic factors.

PUBLISHED REPORTS AND(OR) ARTICLES;
U.S. Department of Interior, Office of Surface Mining Reclamation and Enforcement, 

1981, Draft Shavers Fork petition evaluation document: Prepared under the 
provisions of section 522(c) of the Surface Mining Control and Reclamation 
Act of 1977.
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REFERENCE CODE: M/Sl-4 Continued.

AVAILABLE FROM;
U.S. Department of Interior
Office of Surface Mining Reclamation and Enforcement
603 Morris Street
Charleston, West Virginia 25301

REFERENCE CODE: M/S1-5

TITLE: Locating Ground-Water Supplies by Remote Sensing Randolph County, 
West Virginia.

STARTING DATE: June 1978.

COMPLETION DATE: December 1978..

GEOGRAPHICAL AREA: Randolph County, West Virginia.

AREAL EXTENT: 300 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The study area was the Tygart River Valley near Elkins. The study conclusions 
were that (1) ground water is available from the alluvium and the underlying shale 
to supply 200 gal./min. for public supplies; (2) good sites for production wells 
can be selected using lineaments mapped from satellite imagery and aerial 
photography; (3) surface electrical resistivity studies are valuable to map 
buried alluvial sand and gravel and lineaments in shale beneath the alluvium; 
(4) most of the water is stored in the alluvium; (5) low pH, and high concentra 
tions of iron, manganese, and chloride may cause problems; (6) single-well 
aquifer tests indicate "high yielding" wells are located along lineaments; 
(7) multiple-well anisotropic aquifer tests indicate maximum permeability 
parallels lineaments in the shale; (8) because of the fractured nature of the 
drawdown; (9) drawdown may cause the upward migration of salty water, which lies 
at 100-300 feet depth, subsequently degrading water quality. (Adapted from 
Author's Summary)

PUBLISHED REPORTS AND(OR) ARTICLES:
Hobba, W. A., Jr., 1980, Locating ground-water supplies in Randolph County, 

West Virginia: U.S. Geological Survey Open-File Report 80-973, 67 p.

AVAILABLE FJROM:
U.S. Geological Survey, WRD
Mont Chateau
Mont Chateau Road
Morgantown, West Virginia 26505

235



REFERENCE CODE: M/S1-6

TITLE: Upper Shavers Fork Sub-Unit Plan.

GEOGRAPHICAL AREA: Randolph and Pocohontas Counties, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
This Environmental Impact Statement describes the projects planned in the Upper 
Shavers Fork Sub-unit of the Monongahela National Forest during the next decade, 
These projects implement the direction contained in the Monongahela National 
Forest Land Management Plan. The report discusses alternative and estimated 
effects of implementing each alternative. The Forest Service preferred alter 
natives are described and the rationale for their selection. Sections of the 
Environmental Impact Statement discuss the water resources of the basin, but 
the major hydrologic evaluations are found in this report's appendix B, 
"Evaluation of the Water Resources on the Shavers Fork River."

PUBLISHED REPORTS AND(OR) ARTICLES:
U.S. Department of Agriculture, Forest Service, 1980, Upper Shavers Fork Sub- 

unit plan, Monongahela National Forest, Randolph and Pocohontas Counties, 
West Virginia: Final Environmental Impact Statement, 213 p.

AVAILABLE FROM:
Forest Supervisor
Monongahela National Forest
P.O. Box 1548
Elkins, West Virginia 25241

REFERENCE_CODE: M/S1-7

TITLE: The Limnological Response of a West Virginia Multipurpose Impoundment 
to Acid Inflows.

GEOGRAPHICAL^AREA: Tygart River Lake, West Virginia.

PURPOSE^ OBJECTIVES, AND(OR) RESULTS:
Periodic intrusions of acid mine drainage enter Tygart River Lake during the 
summer and autumn months. In spite of only moderate vertical thermal gradients 
in the reservoir, these inflows penetrate the impoundment as well-defined 
temperature-density currents. The depth of penetration and resulting mixing 
patterns of the acid inflows are influenced by the design and operation of the 
dam. The internal hydrogynamics of the reservoir, in turn, influence the 
chemistry and biology of both the impoundment and the outflow. (From USGS 
WRSIC abstract system)

PUBLISHED REPORTS AND(OR) ARTICLES:
Koryak, M., Stafford, L. J., and Montgomery, W. H., 1979, The limnological

response of a West Virginia multipurpose impoundment to acid inflows:
Water Resources Research, Vol. 15, No. 4, p. 929-934.
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REFERENCE CODE: M/S1-8

TITLE: Elkins Mine Drainage Pollution Control Demonstration Project.

STARTING DATE; 1964.

GEOGRAPHICAL AREA: Elkins, West Virginia.

AREAL EXTENT: 1 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Information gained on the Elkins, West Virginia mine drainage control project 
includes data showing long term improvements in water quality, and establishment 
of grasses, legumes, and trees in various areas. Each of the several subwater- 
sheds into which the project is divided is described. Mine sealing did not reduce 
oxygen concentration in the mines nor decrease pollution load, but did reduce 
acidity and sulfate somewhat. Surface reclamation has been successful in 
decreasing pollution from surface drainage. Greater precipitation over the area, 
resulting in larger flows in some years has contributed to larger loadings of 
pollutants expressed as tons per year. (From Gleason and Russell, 1977).

PUBLISHED REPORTS AND(OR) ARTICLES:
U.S. Environmental Protection Agency, Industrial Environmental Research Laboratory,

1977, Elkins mine drainage pollution control demonstration project: EPA
Report EPA-600/7-77-090, 316 p.

Hill, R. D., 1973, Reclamation and revegetation of 640 acres of surface mines  
Elkins, West Virginia: in "Ecology and Reclamation of Devistated Land," 
Vol. 2, R. J. Hutnik and G. Davis, Eds., New York, Gordon and Breach, 
p. 417-450.

Hill, R. D., and Martin, J. F., 1972, Elkins mine drainage pollution control 
demonstration project an update: Symposium Coal Mine Drainage, 44th, 
Pittsburgh, Pennsylvania, p. 96-104.

Hill, R. D., 1969, The effectiveness of mine drainage pollution control
measures, Elkins, West Virginia: ACS Division of Fuel Chem. Reprints 13(2), 
p. 103-115.

Hill, R. D., 1969, Reclamation and revegetation of strip-mined lands for
pollution and erosion control: American Society of Agricultural Engineers 
Winter Meeting, Chicago, Illinois, 31 p.

Scott, R. B., Hill, R. D., Wilmoth, R. C., 1970, Cost of reclamation and mine 
drainage abatement Elkins demonstrated project: Environmental Protection 
Agency, Cincinnati, Ohio, 27 p.

AVAILABLE FROM:
(Fifth and Sixth reports)
National Technical Information Service
Springfield, Virginia 22161
as PB-272 896 and PB-207 189 respectively.
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REFERENCE CODE: M/S1-9

TITLE: An Aquatic Biology Study of Roaring Creek, Randolph County, West Virginia. 

GEOGRAPHICAL AREA: Randolph County, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Collections of benthic macroinvertebrates made in a single sampling of selected 
segments of Roaring Creek were compared to reports of two different collection 
periods on the stream. Water-quality data were also recorded for the sampling 
stations. The report concluded that from the available data, the headwaters 
have greatly deteriorated down to station R5, while below R5 faunal diversity 
shows less decline and populations have greatly increased since 1970.

PUBLISHED REPORTS AND(OR) ARTICLES:
Academic Associates, Inc., (released 1977) Aquatic biology study of Roaring Creek,

Randolph County, West Virginia: Report to U.S. EPA, Industrial Environmental
Research Laboratory, Cincinnati, Ohio, 15 p.

REFERENCE CODE: M/S1-10

TITLE: Sediment Control at Edray State Hatchery. 

STARTING DATE: June 1977. 

GEOGRAPHICAL AREA: Edray, West Virginia. 

AREAL EXTENT: 0.22 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The information will be used to determine the effectiveness of mitigation measures
to control erosion and sedimentation from project site.

Most of data collected consisted of iron, pH, and turbidity readings. Samples 
were collected at least twice a week. During rains samples were collected 
hourly.

AVAILABLE FROM:
West Virginia Department of Highways
Material Control
Soil and Testing Division
312 Michigan Avenue
Charleston, West Virginia 25311
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REFERENCE CODE: M/S1-11

TITLE: Environmental Water-Quality Study of Potomac and Cheat River Basins. 

STARTING DATE: June 1976.

GEOGRAPHICAL AREA: Randolph, Tucker, Grant, Hampshire, Mineral, and Hardy
Counties, West Virginia.

AREAL EXTENT: 355 mi 2

PURPOSE, OBJECTIVES, AND(OR)^ RESULTS:
Acquisition of water quality and biological data to be incorporated into the
environmental impact statement for corridor H highway alignments.

In addition to chemical and physical data, aquatic microinvertebrates data 
obtained to assist in assessing water quality in the areas of proposed corridor 
H alignments. A total of 80 stations were established in the study area. 
Samples were taken once each season for a total of 4 samples each year.

AVAILABLE FROM;
West Virginia Department of Highways
Materials Control
Soil and Testing Division
312 Michigan Avenue
Charleston, West Virginia 25311

REFERENCE CODE: M/S1-12

TITLE: Investigation of Acid Mine Drainage Effects on Reservoir Fishery 
Populations.

GEOGRAPHICAL AREA: Tygart Lake area, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
A limnological, v/ater-quality and quantity and lake fluctuation, transparency,
and ice cover study was made of the Tygart Lake, West Virginia, and its
tributaries. The watershed of this lake has been extensively mined for coal
and acid mine drainage (AMD) is discharged throughout the area. The significant
sources of AMD were found to be the Tygart River and Sandy Creek. Net changes
in lake depth were 14-16 meters, and the maximum change was 22 meters. Transparency
depth ranged from 0.1 m in December to 7.5 m in the summer. The major factors
related to the development of acidity gradients in Tygart Lake were found to be
(1) hydrological characteristics including inflow, outflow, and the operational 
interaction between the inflow and outflow resulting in storage or drawdown,
(2) thermal relationships including the spring warming cycle, thermal stratification 
during the summer, the autumnal cooling cycle, and the winter thermal minimum and
(3) water chemistry including the existing chemical stratification or its lack at 
the beginning of a seasonal period and the chemical quality of inflow. (From 
USGS WRSIC abstract system)
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REFERENCE CODE: M/S1-12 Continued.

PUBLISHED REPORTS AND(j)R) ARTICLES:
Bensen, A., 1976, Investigation of acid mine drainage effects on reservoir

fishery population: Environmental Protection Agency Report EPA-600/2-76-107,
135 p.

Bensen, A., 1973, Investigation of acid mine drainage effects on reservoir
fishery population: Report to Bureau of Sports, Fisheries, and Wildlife, 
U.S. Department of Interior, 135 p.

AVAILABLE FROM:
(first report)
National Technical Information Service
Springfield, Virginia 22161
as PB-252 703

REFERENCE CODE: M/S1-13

TITLE: Geochemical and Sedimentological Analysis of Tygart Lake, West Virginia.

GEOGRAPHICAL AREA: Tygart Lake area, West Virginia.

PURPOSE^ OBJECTIVES^ AND(OR) RESULTS:
This study was directed toward obtaining a clearer understanding of the sediment 
environment of Tygart Lake, a U.S. Army Corps of Engineers reservoir. The 
reservoir water is acid. Turbulence and total solids were found to be low. 
The sediment contained clay in proportions varying from A.I to 18.3 percent of 
the total. All parameters of the sedimentary clay exhibited clear patterns of 
lateral change from the dam toward the Tygart Valley River inlet, and with 
depth from the sediment-water interface to the base of the sampled core. For 
loss on ignition, cation exchange capacity, clay content, and the cations of 
nitrogen, phosphorus, calcium, iron, and magnesium, a decrease in percentages 
or absolute amounts were detected laterally from the dam toward the Tygart 
Valley River inlet, an increase was observed with depth in the sediment profile. 
For silicon, aluminum, and potassium cations, the patterns were reversed, so 
that increases were noted laterally from the dam toward the river inlet, and 
decreases were marked with depth in the sediment profile. Kaolinite, illite, 
vermiculite and minot amounts of montmorillonite were present. Further year- 
round study of the geochemistry of several limnic basinal areas will be required 
to verify any general occurrence of patterns of pollutant accumulation within 
clay sediment. (From USGS WRSIC system)

PUBLISHED REPORTS AND(OR) ARTICLES:
Collin, M. L., 1975, Geochemical sedimentological analysis of Tygart Lake,

West Virginia: University of West Virginia, Morgantown, West Virginia,
41 p.
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REFERENCE CODE: M/S1-13 Continued.

AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161
as PB-246 046

REFERENCE^CODE: M/S1-14

TITLE: Geohydrologic Reconnaissance of the Upper Potomac River Basin. 

GEOGRAPHICAL AREA: Upper Potomac River basin, Maryland and West Virginia.

PURPOSE, OBJECTIVES^ AND(OR) RESULTS:
Geologic conditions in the basin and their effect on water quality are described. 
A short section is included on acid mine drainage and its contribution to the 
water problems of the North Branch Potomac River. (From Gleason and Russell, 1977)

PUBLISHED REPORTS^AND(OR) ARTICLES^:
Trainer, F. W., and Watkins, F. A., Jr., 1975, Geohydrologic reconnaissance of

the upper Potomac River basin: U.S. Geological Survey, Water-Supply Paper
2035, 68 p.

REFERENCE CODE: M/S1-15

TITLE: West Virginia Acid Mine Drainage Study in North Branch Potomac River Basin. 

GEOGRAPHICAL_AREA: North Branch Potomac River basin, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Earlier studies of the North Branch of the Potomac River indicated that mine drainage 
emanating from West Virginia and Maryland was responsible for acid pollution of 
the North Branch. This study was undertaken to locate and map all acid mine 
drainage sources in West Virginia, measure stream flow, analyze water samples, and 
research historical and geological information. Using results of a Federal Water 
Pollution Control Administration study made in 1968-69, trends in the acidity of 
streams from 1968 to 1973 were established. It was concluded that current coal 
mining, rather than old abandoned mines, was responsible for the generation of 
acid in the West Virginia streams of the North Branch Potomac basin. From 1968-72 
probably over half of the acid in the North Branch Potomac at the Barnum monitoring 
station came from Island Creek Coal Company's Alpine and North Branch mines. Acid 
discharge from the Alpine mine was reduced substantially over the period, but 
discharge from the North Branch mine increased enormously, contributing 38 percent 
of the acid at Barnum. Acid discharge from Abrams Creek more than doubled 
between 1968-69 and 1973 as a result of surface mining. In 1973 average daily
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REFERENCE CODE: M/S1-15 Continued.

acid load in Ibs/day was 72,000 from the North Branch at Barnum, 22,900 for 
Buffalo Creek, 15,000 for Abrams Creek, 10,500 for Stony River, and 8,000 for 
Piney Swamp Run. (From USGS WRSIC abstract system)

PUBLISHED REPORTS AND(OR) ARTICLES:
West Virginia Department of Natural Resources, 1974, West Virginia acid mine

drainage study in North Branch Potomac River basin: Division of Water
Resources, Charleston, West Virginia, 77 p.

REFERENCE CODE: M/S1-16

TITLE: Assessment of Highway Construction Effects on Water-Quality.

STARTING DATE: October 1974.

GEOGRAPHICAL AREA; Bowden, West Virginia. 

AREAL EXTENT: 1 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The information will be used to determine the effectiveness of remedial mitigating
measures taken to correct harmful effects from highway construction.

Chemical and physical data were obtained to assist in assessing highway construction 
effects on water quality. These data consisted of: general inorganic chemical 
analysis including trace elements, dissolved oxygen, specific conductance, total 
alkalinity, and pH. A total of three stations were established in the study area.

AVAILABLE_FROM:
West Virginia Department of Highways
Materials Control
Soils and Testing Division
312 Michigan Avenue
Charleston, West Virginia 25311

REFERENCE CODE: M/S1-17

TITLE: Hydrology of Limestone Karst in Greenbrier County, West Virginia, 

COMPLETION DATE: 1973.

GEOGRAPHICAL AREA: Southeastern West Virginia, Greenbrier County. 

AREAL EXTENT: 136 mi

242



REFERENCE CODE: M/S1-17  Continued.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The primary purposes of this study were the delineation of both the major 
subsurface flow routes and the geographic extent of the surface and underground 
drainage basins. Secondary goals included determination of the nature of 
water flow through the limestone, and estimation of the water chemistry, an 
estimation of flow rates through the various cave systems, and an assessment of 
the suitability of karst water for domestic use. As presented, this report 
contains the results of the recent hydrologic reconnaissance of the karst area 
plus a compilation of the available cave maps from numerous cave surveyors.

This report is part of a larger study of the hydrology of the Greenbrier- 
Bluestone-Upper New River basin, sponsored jointly by the U.S. Geological Survey 
and the West Virginia Geological and Economic Survey. The information in this 
report should be useful in evaluating alternative solutions to water problems.

The possible contamination of the karst water is a problem of special importance. 
The ease with which contaminants may enter and be transmitted through the karst 
aquifer is apparent from the rapid flow-through times established by the dye- 
tracer studies and from the "open channel flow" characteristics of many of the 
limestone solution conduits. A thorough knowledge of the water's source, flow 
paths, and discharge points is necessary for utilization of karst water. This 
report contains this general information and should provide a base for more 
detailed future studies. (Adapted from report introduction, summary and conclusion)

PUBLISHED REPORTS AND£OR) ARTICLES:
Jones, W. K., 1973, Hydrology of limestone karst in Greenbrier County, West 

Virginia: West Virginia Geological and Economic Survey, Bulletin 36.

AVAILABLE FROM:
West Virginia Geological and Economic Survey
Mont Chateau Research Center
Morgantown, Virginia 26505

REFERENCE_CODE: M/S1-18

TITLE: Evaluation of Shavers Fork Mine Seals. 

GEOGRAPHICAL AREA: Bowden, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Because of a fish kill in the U.S. Bureau of Sport Fisheries and Wildlife hatchery 
at Bowden, West Virginia, in 1966, a mine sealing program was undertaken on all 
known abandoned deep mines discharging acid into three tributaries of Shavers 
Fork. The appendix contains water quality data collected intermittently over 
four years to check the effectiveness of the seals. Values are recorded for 
temperature, flow in GPM, pH, acidity, calcium, magnesium, total hardness,
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sulfate, total iron, conductance, aluminum, and alkalinity as CaCOg. Results of 
the monitoring program indicated that sealing had not significantly reduced the 
pollution load. (From Gleason and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES:
Scott, R. B., 1971, Evaluation of Shavers Fork mine seals: EPA, WQO Publication 

No. 14010-09/71, 14 p.

REFERENCE_CODE; M/S1-19

TITLE: Mine Acid Drainage and Associated Flow Fluctuations.

GEOGRAPHICAL AREA; Left fork of Little Sandy Creek basin, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The left fork of Little Sandy Creek basin, between Fellowsville and Tunnelton, 
West Virginia, was surveyed for the location of mine drainage sources. At 
least 30 out of a total of 47 potential sources of drainage were found to 
produce acid at some time during the year. Thin-crested 90 degree weirs installed 
along with permanent staffs were found to be sufficiently accurate for 
measuring flow fluctuation from the mines. A flow meter was used in determining 
the relationship between acid load and flow from a mine. Tests were also run 
for pH, alkalinity, hardness, sulfates, iron, and aluminum. The acid load or 
production was found to be directly proportional to flow. Sulfates, iron, and 
aluminum were found to vary much the same as acidity. Hardness was not closely 
associated to acidity concentration but generally was reduced at higher flow 
due to a dilution effect. The pH remained relatively constant and independent 
of flow. A summation of conditions from individual mines was found to account 
closely with conditions observed in the receiving stream. (From USGS WRSIC 
system)

PUBLISHED REPORTS AND(OR) ARTICLES:
Jenkins, C. R., Carroll, H. C., 1970, Mine acid drainage and associated flow

fluctuations: West Virginia Academy of Science, 1969, 44th, Annual session, 
West Liberty State College, West Virginia, 1968, Proceedings, Vol. 41, 
p. 286-293.

REFERENCE_CODE: M/S1-20

TITLE: Mine Drainage in the North Branch Potomac River Basin.

GEOGRAPHICAL AREA: North Branch Potomac River basin, West Virginia and Maryland,
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REFERENCE CODE: M/S1-20 Continued.

PURPOSE, OBJECTIVES^ AND(OR) RESULTS:
A stream sampling program was carried out from March 1968 through May 1969. 
Data were collected for 16 survey areas on flow, pH, conductivity, temperature, 
total alkalinity, total hot acidity, and sulfate. Elk Run in West Virginia is 
identified as the most critical stream in the entire basin. A comparison with 
earlier data indicates that the water quality above Luke, Maryland, has 
deteriorated since 1965. Detailed cost estimates for abatement measures are 
based on the maximum acidity loading for the seven watersheds considered. 
(From Gleason and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES:
Clark, L. J., 1969, Mine drainage in the North Branch Potomac River basin: 

Chesapeake Tech. Support Laboratory, Technical Report No. 13, 80 p.

REFERENCE CODE: M/S1-21

TITLE: Geology, Hydrology, and Water Quality of the Combined Roaring Creek 
and Grassy Run Watersheds, Randolph County, West Virginia.

GEOGRAPHICAL AREA: North Central West Virginia, Randolph County. 

AREAL EXTENT: 32 mi2

PURPOSE, OBJECTIVES,_AND(OR) RESULTS:
Study Problem - Harmful effects of acid mine drainage upon hydrologic systems.
Study Purpose - To determine through demonstration projects the most effective

and least costly methods of prevention and control of water
pollution caused by acid mine drainage. 

Conclusions - More data are needed. (Adopted from the author's summary)

UNPUBLISHED^ REPORT:
Gallaher, J. T., about 1968, Geology, hydrology, and water quality of the 

combined Roaring Creek and Grassy Run watersheds, Randolph County, 
West Virginia: Administrative report by the U.S. Geological Survey to 
the Federal Water Pollution Control Administration.

AVAILABLE_FROM:
U.S. Geological Survey, WRD
Mont Chateau
Mont Chateau Road
Morgantown, West Virginia 26505
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SUPPLEMENTAL DATA H: SUMMARY 2

Annotated bibliography of studies concerned with the influence 
of coal mining on the water resources of any small areas in 
West Virginia.
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RE-FERENCE CODE: M/S2-1

TITLE: Effects of Deep Mining in West Virginia.

STARTING DATE: July 1976.

COMPLETION DATE: May 1980.

GEOGRAPHICAL AREA: Southern West Virginia.

AREAL EXTENT: 33 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
OBJECTIVE: (1) To determine the short-term and long-term effects of mining on 
surface water quantity and quality, groundwater quantity and quality, and sedi 
ment discharge. (2) To determine the effects of mining on the local aquatic 
environment.

APPROACH: Five similar small drainage basins were selected for the study: 
two underlain by an active deep mine, another by an inactive deep mine, and 
two by no deep mine. Wells were inventoried and water levels were monitored by 
observation wells in each of the basins. Selected streams, and wells were 
measured and sampled periodically and concurrently in each basin. The cooperation 
of mining companies was solicited to obtain maps and other pertinent geologic 
and hydrologic data.

PUBLISHED REPORTS AND(OR) ARTICLES: 
(Soon to be published)
Borchers, J. W., The ecologic impact of coal mining on the hydrologic environment 

of southern West Virginia: U.S. Geological Survey.

AVAILABLE FROM:
U.S. Geological Survey, WRD
Federal Building, Room 3416
500 E. Quarrier St.
Charleston, West Virginia 25301

REFERENCE CODE: M/S2-2

TITLE: Mining Water-Quality Management Plan. 

GEOGRAPHICAL AREA: Cheat River and Shaver's River basins.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The study was made to 1) determine mine drainage affected watersheds through 
field analysis 2) locate, evaluate and document the sources of abandoned mine 
drainage 3) rank the abandoned mine lands where mine drainage emerges in 
accordance with objectives set in Section 403 of PL 95-87.
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REFERENCE CODE: M/S2-2 Continued.

Only those areas with specific mine drainage problems in the Cheat River Subbasin 
are addressed in this report. Although some water quality data were collected 
and presented in this report on the Shaver's Fork Watershed, an inventory of 
abandoned mine land problem areas was not attempted because of current evaluations 
being made by the Office of Surface Mining in the Shaver's Fork Petition 
Evaluation Document (Draft 522 SMCRA Decision Document), February 1981. (From 
summary of the report)

PUBLISHED REPORTS AND(OR) ARTICLES:
(Soon to be published)
West Virginia Department of Natural Resources, Mining water-quality management

plan: Division of Water Resources, Abandoned Mine Lands Section, Charleston,
West Virginia.

REFERENCE CODE: M/S2-3

TITLE: Hydrologic Effects of Stress-Relief Fracturing in an Appalachian Valley.

STARTING DATE: 1976.

COMPLETION DATE: 1981.

GEOGRAPHICAL AREA: Wyoming County, West Virginia.

AREAL EXTENT: 3 mi 2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
A hydrologic study at Twin Falls State Park, Wyoming County, West Virginia was 
made to determine how fracture systems affect the occurrence and movement of 
ground water in a typical valley of the Appalachian Plateaus Physiographic 
Province. Twin Falls was selected because it is generally unaffected by factors 
that would complicate an analysis of the data. The study area was the Black 
Fork Valley at Twin Falls. The valley is about 3 miles long and 400 to 600 feet 
wide and is cut into massive sandstone units interbedded with thin coal and 
shale beds.

Two sites were selected for test drilling, pumping tests, and geophysical 
studies. At both sites, ground water occurs mainly in horizontal bedding-plane 
fractures under the valley floor and in nearly vertical and horizontal slump 
fractures along the valley wall. The aquifer is under confined conditions 
under the valley floor and unconfined conditions along the valley wall. Draw 
down from pumping near the center of the valley affected water levels at both 
sites, indicating a hydrologic connection from the upper to the lower end of the 
valley. Stream gain-and-loss studies show that ground water discharges to the 
stream form horizontal fractures beneath Black Fork Falls, near the mouth of 
Black Fork. The fracture systems that constitute most of the transmissive part
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of the aquifer at Twin Falls are like those described as being formed from 
stress relief. As stress-relief fractures have been described in other valleys 
of the Appalachian Plateaus, the same aquifer conditions may exist in those 
valleys. (From author's provisional summary)

PUBLISHED REPORTS AND (OR) ARTICLES: 
(Soon to be published)
Wyrick, G. G. and Borchers, T. W., Hydrologic effects of stress-relief fracturing 

in an Appalachian valley: U.S. Geological Survey.

AVAILABLE FROM:
Authors
U.S. Geological Survey, WRD
3416 Federal Building
Charleston, West Virginia 25303

REFERENCE CODE: M/S2-4

TITLE: Simulation of Surface Mine Hydrology with the Finite Element Storm 
Hydrograph Model.

GEOGRAPHICAL AREA: Near Beckley, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Use of a spatially responsive finite element model is demonstrated for simulating 
the hydrologic response of a reclaimed mountaintop removal operation near 
Beckley, West Virginia. The use of the Finite Element Storm Hydrograph Model 
(FESHM), developed at Virginia Tech, provides a means of incorporating spatially 
distributed characteristics of the watershed, thus preserving the natural 
configuration of overland and channel flow.

The research consisted of a series of calibration studies using runoff plot data 
to estimate values for model parameters and tests of model predictions against 
data from two watersheds on the reclaimed mine surface. The model verification 
consisted of a comparison of simulated and observed runoff characteristics using 
an ungaged concept. The model was found to predict runoff volume with acceptable 
accuracy. Peak runoff rate was generally under predicted. Poor performance of 
model was noted for long duration, low intensity storm events. Use of the 
model to evaluate the effect of cover management for modification of hydrologic 
response was demonstrated. (Author's abstract)

PUBLISHED REPORTS AND(OR) ARTICLES;
Smolen, M. D. and Youmos, T. M., 1980, Simulation of surface mine hydrology with 

the finite element storm hydrograph model: Symposium on Surface Mining 
Hydrology, Sedimentology, and Reclamation, Lexington, Kentucky, Proceedings, 
p. 41-46.
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REFERENCE CODE: M/S2-5

TITLE: Surface Mining and the Hydrologic Balance.

GEOGRAPHICAL AREA: Breathitt County, Kentucky and Raleigh County, West Virginia,

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Research by the U.S. Forest Service at Berea, Kentucky, has shown that surface 
mining results in increases in storm peak flows during and immediately after 
mining, but that peaks may significantly lower after reclamation is 
completed. Data from experimental sites in Breathitt County, Kentucky, and 
Raleigh County, West Virginia, during major rainstorms on 4 April 1977 and 
8, 9, and 10 December 1978 showed that streamflow from surface-mined water 
sheds peaked lower than that from adjacent or nearby unmined watersheds. 
Impoundments on surface-mined lands can be effective in controlling runoff 
and erosion provided the ponds are properly constructed. Erosion and sub 
sequent sedimentation are greatest during early stages of mining but diminish 
rapidly as the land is reclaimed and vegetation growth progresses. (From 
U.S. Department of Agriculture, Northeastern Forest Experiment Station, 1980)

PUBLISHED REPORTS AND(OR) ARTICLES:
Curtis, W. R., 1979, Surface mining and the hydrologic balance: Mining 

Congress Journal, p. 35-40.

Curtis, W. R., 1974, Surface mining and the flood of April 1977; U.S.
Department of Agriculture, Forest Service Research Note, NE 248, 4 p.

NAME AND ADDRESS OF INVESTIGATOR:
Author
U.S. Department of Agriculture
Northeastern Forest Experiment Station
Berea, Kentucky 40403

REFERENCE CODE: M/S2-6

TITLE: An Aquatic Biology Study of Dents Run, Monongahela County, West Virginia.

GEOGRAPHICAL AREA: Monongahela County, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Sampling was carried out for benthic macroinvertebrate fauna, algal flora, and
water quality June and September 1976 at eight stations on Dents Run and on
two stations on adjacent Robinson Run which resembled the pretreatment conditions
in Dents Run. Biota found in Dents Run showed that the stream was recovering
from acid mine drainage pollution.

PUBLISHED REPORTS AND(OR) ARTICLES:
Academic Associates, Inc., 1977, An aquatic biology study of Dents Run, 

Monongahela County, West Virginia: Report to U.S. EPA, Industrial 
Environmental Research Laboratory, Cincinnatti, Ohio, 16 p.
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REFERENCE CODE: M/S2-7

TITLE: Composition of Water Discharged from Bitumiuous Coal Mines in 
Northern West Virginia.

GEOGRAPHICAL AREA: Northern West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Chemical analyses were made of five samples of Bituminuous coal mine water to 
determine ferrous iron, total iron, aluminum, manganese, sodium, potassium, 
calcium, magnesium, chloride, sulfate, silica, and pH. Selected trace elements 
were sought in two of the five samples chosen because of their extreme values in 
pH (3.2 and 7.4). Four of the samples may be considered 'acid mine drainage' so 
characterized by pH of from 3.2 to 5.5, total iron in excess of 500 ppm, and 
aluminum greater than 100 ppm in the more acid samples. The fifth sample 
resembles uncontaminated ground water from the Monongahela group and has a pH 
of 7.4, total iron less than 4 ppm, and aluminum less than 20 ppm. Similar 
distinctions in composition are reflected in trace elements of the two extreme 
samples. Marked differences in the neutral sample and the acid samples indicate 
the efficacy of water of good quality is discharged from a mine designed to 
minimize residence time of water in the workings, whereas the acid samples 
come from mines with more extensive drainage systems. (From USGS WRSIC 
abstract system)

PUBLISHED REPORTS AND(ORl ARTICLES:
Corbett, R. G., 1977, Effects of coal mining on ground and surface water quality,

Monongahela County, West Virginia: University of Akron, the Science of the
Total Environment, 8^ (1), p. 21-38.

Corbett, R. G. and Growitz, D. J., 1967, Composition of water discharged from 
bituminous coal mines in northern West Virginia: West Virginia University, 
Econ. Geol., Vol. 62, No. 6, p. 848-851.

Corbett, R. G., Nuhfer, E. B., and Phillips, H. W., 1967, Trace elements in
bituminous coal mine drainage and associated sulfate minerals: Proceedings 
from the West Virginia Academy of Science, 39, p. 311-314.

REFERENCE CODE; M/S2-8

TITLE: Factors Affecting Water-Quality from Strip-Mined Sites. 

GEOGRAPHICAL AREA: Near Beckley, West Virginia.

PURPOSE, OBJECTIVES, ANDJOR) RESULTS:
This project analyzed the parameters that influence the quality of water from 
stripmined sites. An instrumented watershed near Beckley, West Virginia provided 
data on precipitation, streamflow, and water quality, both before and during 
mining operations. The data were analyzed to derive linear relationships 
between a water-quality parameter and such variables as temperature, current and 
antecedent precipitation, and the extent of the area disturbed by mining. 
Mathematical formulae representing sulfate and calcium concentration, alkalinity,
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turbidity, conductance, and discharge were used in the study. A correlation 
analysis also was made among the various water-quality parameters. A formula 
in each water-quality parameter was derived for each of three conditions: 
(1) before mining, (2) during mining for the disturbed area alone, and (3) 
during mining for the entire watershed. The coefficients in the formulae then 
were refined for minimum error. The coefficients indicate that temperature is 
not an important water-quality consideration except in the case of alkalinity. 
The coefficients of the antecedent precipitation terms indicate that, in most 
cases, surface runoff is the basic mechanism by which the substances affecting 
water quality are conveyed from the disturbed area into a receiving stream. 
The findings provide data that can be used in the future for predicting water- 
quality impacts from strip-mining operations at particular sites in the study 
area. (From USGS WRSIC abstract system)

PUBLISHED REPORTS AND(OR) ARTICLES:
Connell, J. F., Contractor, D. N., and Shanholtz, V. 0., 1976, Factors affecting

water quality from strip-mined sites: Virginia Water Resources Research
Center Bulletin 87, Blacksburg, Virginia, 75 p.

REFERENCE CODE: M/S2-9

TITLE: Effectiveness of Surface Mine Sedimentation Ponds.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Nine sedimentation ponds at surface coal mining operations in Pennsylvania, 
West Virginia, and Kentucky were evaluated for reducing suspended solids in 
storm runoff. The ponds were sampled during baseline and rainfall events. 
Theoretical and actual suspended solids removal efficiencies were compared. 
Major problems resulted from poor construction and inadequate maintenance. 
Suspended solid removal efficiencies were generally much lower during a 
storm. Heoretical predictions of efficiency were essentially correct under 
baseline conditions. Generally, theoretical removal efficiencies were much 
higher than actual efficiencies during rainfall.

PUBLISHED REPORTS AND(OR) ARTICLES:
Kathuria, D. V., Nawrocki, M. A., and Becker, B. C., 1976, Effectiveness of surface

mine sedimentation ponds: Hittman Associates, Inc., Columbia, Maryland,
Report EPA-600/2-76-117, 100 p.

AVAILABLE FROM:
The National Technical Information Service
Springfield, Virginia 22161
as PB-258 917
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REFERENCE CODE: M/S2-10

TITLE: Changes in Water Chemistry Resulting from Surface-Mining of Coal on 
Four West Virginia Watersheds.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Water quality in contiguous watersheds was monitored from May 1969 through 
April 1974 in order to provide much needed information on normal variations in 
water quality so that valid comparisons of water quality before and after 
mining can be made. Sampling was done every two weeks and analyses were made 
for pH, specific conductance, alkalinity, sulfate, calcium, bicarbonate, 
magnesium, iron, aluminum, manganese, zinc, and potassium. Results of analyses 
were evaluated for before mining variations between samples taken in growing 
and dormant seasons and for water years 1970, 1971, and 1972 which cover a wide 
range of precipitation. Also, each factor for which analyses were made is 
discussed and the effect on the parameter of mining in the various watersheds 
is evaluated.

The production of sulfate and other chemicals at a strip mine and their transport 
to local streams is a complex process that involves the kinetics of the chemical 
reactions and the hydrology and geology of the area. This study attempts to 
understand the interactions involved and to relate various water quality 
parameters to the hydrology of the area. (From Gleason and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES:
Plass, W. T., 1975, Changes in water chemistry resulting from surface-mining of 

coal on four West Virginia watersheds: Symposium on Surface Mining and 
Reclamation, 3rd, Louisville, Kentucky, Reprints, p. 152-169.

Plass, W. T., Connell, J. F. , Contractor, D. N., and Shanholtz, V. 0., 1975, 
Water quality models for a contour mined watershed: Symposiums on Surface 
Mining and Reclamation, 3rd, Louisville, Kentucky, Reprints, p. 179-199.

REFERENCE CODE: M/S2-11

TITLE: A Comparative Study of Chemical Loadings of Acid and Nonacid Tributaries 
to Cheat Lake, West Virginia.

GEOGRAPHICAL^AREA; Cheat Lake, West Virginia.

PURPOSE ̂ OBJECTIVES , _JAND(pR) RESULTS:
Acid stream loading was compared with non-acid stream loading in tributaries of 
Cheat Lake, West Virginia, using concentrations and discharge measurements taken 
during June 1973-January 1974. Acid streams had low pH, high conductivity, 
high silicate, sulfate, total iron, total acidity, orthophosphate, and total 
phosphate concentrations, and low nitrite-nitrogen concentrations. Non-acid 
streams had a pH near neutrality, lower conductivity, and lower silicate, 
sulfate, total iron, total acidity, orthophosphate, and total phosphate concen 
trations. Acid streams had high loadings of sulfate, total iron, total ortho- 
phosphate, and total phosphate, lower nitrate-nitrogen loading, and contributed 
more ions to Cheat Lake. Acid mine drainage did not increase silicate loading. 
Streams receiving acid drainage had higher cation concentrations, except
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potassium, and greater ion concentrations and loadings per unit drainage area. 
Acid tributaries could be distinguished from non-acid tributaries by all 
parameters studied except nitrate-nitrogen concentration and loading, silicate 
loading, and potassium concentration. Maple Run and Quarry Run had been 
disturbed and were distinguished from other non-acid streams by drainage area 
concentrations and loadings. Loadings and concentrations per unit drainage 
area detect small differences in streams and may indicate disturbances in 
drainage basins undetected by concentrations or loadings alone. (From USGS 
WRSIC abstracts systems)

PUBLISHED REPORTS AND(OR) ARTICLES:
Edens, D., 1974, A comparative study of chemical loadings of acid and non-acid

tributaries to Cheat Lake, West Virginia: Proceedings, West Virginia Academy
of Science, Vol. 1, p. 45-51.

REFERENCE CODE: M/S2-12

TITLE: West Virginia Acid Mine Drainage Study in North Branch Potomac River 
Basin.

GEOGRAPHICAL AREA: North Branch Potomac River Basin.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
All acid mine drainage sources in the North Branch Potomac River Basin were mapped
and measured and recommendations were made for reclamation of specific areas
as well as for more effective mine drainage treatment and control. (From Gleason
and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES:
West Virginia Department of Natural Resources, 1974, West Virginia acid mine

drainage study in North Branch Potomac River basin: Charleston, West Virginia,

REFERENCE CODE: M/S2-13

TITLE: Sediment Control Using Modified Mining and Regrading Methods and Sediment 
Control Structures.

GEOGRAPHICAL AREA: West of Beckley, West Virginia. 

AREAL EXTENT: 0.6 mi2
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PURPOSE, OBJECTIVES, AND(OR) RESULTS:
This case history describes a mining operation from the construction of sediment
control structures through regrading and revegetation. Data on sediment yield
and water quality allow assessment of the effectiveness of the sediment control
methods.

PUBLISHED REPORTS AND(OR) ARTICLES:
White, J. R., and Plass, W. T., 1974, Sediment control using modified mining 

and regrading methods and sediment control structures: in Resources 
and Applications Technical Symposium on Mined Land Reclamation, Louisville, 
Kentucky, 2nd, p. 117-123.

REFERENCE CODE: M/S2-14

TITLE: Evaluation of Pollution Abatement Techniques Applicable to Lost Creek 
and Brown's Creek Watershed, West Virginia.

GEOGRAPHICAL AREA: Lost Creek and Brown's Creek basins, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
This study is one of a series of reports concerning the development of an overall 
environmental pollution abatement plan for the Monongahela River basin. Primary 
objectives are to evaluate applicable pollution reduction methods and provide 
recommendations as to least cost and best overall solutions to mine drainage 
problems. Study results are based on water quality data from previous investi 
gations and on supplementary data gathered during this study. Conclusions are: 
that water quality of the creeks has improved significantly; that the 4 identified 
drainage sources discharge 4,800 Ibs/day acid load and 600 Ibs/day iron load to 
the principal streams; that conventional surface reclamation and treatment are 
methods best suited for abatement; that a least cost abatement plan has been 
developed which would provide an 80 percent reduction in acid and iron loads; and 
that a long term plan of abatement has been developed which considers associated 
long-range environmental benefits such as 90 percent reduction in acid and iron 
loads, a reverse osmosis facility, a sewage treatment plant and aesthetic 
improvements in other areas of the watersheds. Primary recommendations are: 
that a program be implemented as soon as practical to perform the described 
surface reclamation work in accordance with established priorities; that a 
program to secure funds and obtain preliminary design data for treatment plant 
possibilities be started with emphasis placed on pursuing the long term plan for 
the watershed. (From USGS WRSIC abstract system)

PUBLISHED REPORTS AND(OR) ARTICLES;
Ackenheil and Associates Geo Systems, Inc., 1973, Evaluation of pollution

abatement techniques applicable to Lost Creek and Brown's Creek watershed, 
West Virginia: Report for Appalachian Regional Commission, Washington, D.C., 
146 p.
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AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161
as PB-242 722

REFERENCE CODE: M/S2-15

TITLE: Phytoplankton Generic Diversity and Biomass Estimates of a Monongahela 
River Acid Confluence.

GEOGRAPHICAL AREA: Confluence of Robinson Run with the Monongahela River in
northern West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Water samples were taken from the confluence of Robinson Run and the Monongahela 
River in northern West Virginia in order to obtain information on the effect 
of an acid stream on generic diversity. Samples at each station were examined 
to determine generic diversity, biomass, density and distribution of phytoplankton 
in relation to an acid stream. The parameters pH, hot and cold acidity, 
dissolved oxygen, percent saturation of oxygen, and water temperature were also 
measured with analyses of variance and correlation performed on the data. The 
generic diversity and density were found to be significantly decreased in the 
acid stream with Euglena being the only genus found. Both diversity and density 
slowly increased down river with increasing distance from the confluence. The 
highest generic diversities and densities were found upriver from the confluence. 
Significant differences in the chemical parameters of Robinson Run were also 
found. High acidity, as measured by hot and cold acidity values, appeared to be 
a significant factor in determining the diversity and density indices. (Author's 
abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Raukin, D. and Keller, E. C., Jr., 1973, Phytoplankton generic diversity and

biomass estimates of a Monongahela River acid confluence: Proceedings of
the West Virginia Academy of Science, 45 (2), p. 169-177.

REFERENCE CODE: M/S2-16

TITLE: Cabin Creek, West Virginia Strip Mine Demonstration Reclamation Project.

GEOGRAPHICAL_AREA; Cabin Creek basin, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
This Cabin Creek, West Virginia strip mine demonstration reclamation project 
study area is the watershed of Cabin Creek, a tributary of the Kanawha River, 
about 20 miles upstream from Charleston. The basin is about 16.3 miles long and 
4.5 miles wide. This area was studied for the effects of strip mining on the
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navigable rivers and their tributaries. After one year, recommendations were to 
be made to mitigate adverse conditions due to strip mining practices. The report 
contains all the phases of the study such as mineral resources, hydrology, land 
use, and socio-economic features.

PUBLISHED REFORTS_ANDlOR) ARTICLES:
U.S. Army Corps of Engineers, 1973, Cabin Creek, West Virginia strip mine

demonstration reclamation project: Huntingdon, West Virginia, Draft EIS-
WV-1159-D, 46 p.

REFERENCJCODE: M/S2-17

TITLE: An Analysis of the Zooplankton Community in an Acid Polluted Reservoir. 

GEOGRAPHICAL AREA: Cheat Lake, West Virginia.

PURPOSE, OBJECTIVES, AND(ORl RESULTS:
Measurements at stations in the backwaters and the main reservoir of Cheat Lake, 
West Virginia were made to determine if the stations differed significantly on 
the basis of chemical parameters associated with acid mine pollution. The 
zooplankton community was studied at each station and chemical and biological 
parameters were compared. Since its construction in 1929, Cheat Lake has been 
polluted by acid mine drainage. The reservoir's three backwaters are partially 
isolated from the main reservoir and do not receive acid except occasionally 
from the main reservoir. Sampling sites in the reservoir were opposite the 
coal pile, five miles above the dam, and one-quarter mile above the dam; in the 
backwaters they were in the middle of Rubles Run and in the middle of Morgan Run. 
The reservoir stations were similar with low pH and alkalinity and high methyl 
orange acidity, total acidity and conductivity. The backwaters were nonacid 
with relatively high pH and alkalinity and low methyl orange acidity, total 
acidity and conductivity. Community coefficients indicate zooplankton communities 
in the backwaters are similar but differ from zooplankton in the main reservoir. 
In addition, zooplankton biomass was much greater in the backwaters. (From 
USGS WRSIC system)

PUBLISHED REPORTS AND(OR) ARTICLES:
Bible, J. L., 1972, An analysis of the zooplankton community in an acid polluted

reservoir: Proceedings of West Virginia Academy of Sciences, Vol. 44, No. 1,
p. 32-29.

Volkmar, R. D., 1972, Primary productivity in relation to chemical parameters in 
Cheat Lake, West Virginia: Proceedings of West Virginia Academy of Science, 
Vol. 44, No. 1, p. 14-22.
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REFERENCE CODE: M/S2-18

TITLE: The Life History of the Alderfly, Sailis Aequalis Banks, in an Acid 
Mine Stream.

GEOGRAPHICAL AREA: Camp Creep, Wayne County, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The life history of the alderfly, Sialis Aequalis Banks, was studied intensively 
in an acid mine stream, Camp Creek of Twelvepole Creek, Wayne Co., West Virginia, 
between July 1970 and June 1971. (From author's abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Woodrum, J. E. and Tarter, D. C., 1972, The life history of the Alderfly,

Sialis Aequalis Banks, in an acid mine stream: Amer. Midi. Natar.,
89, (2), p. 360-368.

REFERENCE CODE: M/S2-19

TITLE: Aquatic Vascular Plant Distribution in Cheat Lake (Lake Lynn), 
West Virginia.

GEOGRAPHICAL AREA: Cheat Lake, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
A compiling of the aquatic vascular plants of Cheat Lake, with notes as to 
their abundance and distribution, is given. Cheat Lake is fed by Cheat River, 
which is becoming increasingly mine-acid polluted, and a record of the plants 
and some present conditions was considered important to future studies. Ten 
new county records and two new State records are included. (Author's abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Clovis, J. F., 1971, Aquatic vascular plant distribution in Cheat Lake (Lake 

Lynn), West Virginia: West Virginia University, Castanea 3>6^ p. 153-163.

REFERENCE CODE: M/S2-20

TITLE: Investigative Mine Survey of a Small Watershed.

GEOGRAPHIGAL AREA: Brown's Creek basin, a tributary to the West Fork River
in the Monongahela River watershed, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The project in the area of Browns Creek, a tributary of the West Fork River in 
the Monongahela River watershed includes a survey to locate sources of mine 
drainage and an evaluation of water quality of the creek. Thirty openings in 
addition to 51 openings previously located were found. A conclusion is that
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there was such a variety of conditions in the mine openings that no one abatement 
would apply to all. Water-quality data reported for stream locations, mine 
openings, and wells include well fluid level,.stream flow, conductance, pH, 
acidity, alkalinity, hardness, iron, sulfate, and aluminum. A comparison of 
water-quality data from mined and unmined areas shows that while mining 
operations affect water table levels, they affect the quality of water mainly 
in the streams. (From Gleason and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES:
Halliburton Co., 1970, Investigative mine survey of a small watershed: Report

to U.S. Department of Interior, FWQA, Water Pollution Control Research
Series 14010 DM0 03/70-A, 89 p.

AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161
as PB-196 110.

REFERENCE CODE: M/S2-21

TITLE: Mine Acid Drainage and Associated Flow Fluctuations. 

GEOGRAPHICAL AREA: Left Fork of Little Sandy Creek, West Virginia.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
This paper reports the amount and flow from the three major sources of mine
drainage to the Left Fork of Little Sandy Creek in West Virginia. Acid
production varied directly with flow. Sulfate, iron, and aluminum varied
in much the same way. The pH was relatively constant and remained independent
of flow. The acid load from seven mine effluents was shown to be the major
source of acid in the receiving stream. (From Gleason and Russell, 1977)

PUBLISHEDJREPORTS AND(OR) ARTICLES:
Jenkins, C. R., and Carroll, H. C., 1969, Mine acid drainage and associated flow

fluctuations: Proceedings of the West Virginia Academy of Science, p. 286-
293.

REFERENCE CODE: M/S2-22

TITLE: Survey of the Mine Drainage in the West Fork River Basin. 

GEOGRAPHICAL AREA: West Fork River basin, West Virginia.
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PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The results of a survey of drainage from 208 mines in the area are tabulated. 
Conditions of each of the main tributaries and of the West Fork River itself 
due to the acid drainage are discussed. (From Gleason and Russell, 1977)

PUBLISHED_REPORTS AND(OR) ARTICLES:
Herndon, L. K., 1931, Survey of the mine drainage in the West Fork River basin;

West Virginia University, Engineering Experiment Station, Technical
Bulletin No. 4, p. 115-142.

REFERENCE CODE: M/S2-23

TITLE: Stream Pollution Investigation in West Virginia. 

GEOGRAPHICAL AREA: Cheat River basin.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The condition of the Cheat River basin is reported on briefly. Among the 
sources of industrial pollution are some 98 coal mines pouring substantial 
amounts of acid into the basin. The neutralizing effect of some tannery 
wastes on the acid river is noted. (From Gleason and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES:
Herndon, L. K., 1930, Stream pollution investigation in West Virginia: West

Virginia University, Engineering Experiment Station, Technical Bulletin
No. 3, p. 68-74.
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SUPPLEMENTAL DATA H: SUMMARY 3

Annotated bibliography of large area studies pertinent 
to the hydrology of the Monongahela National Forest 
area.
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REFERENCE CODE: M/S-1

(Soon to be published)
Dyer, K. L., Stream water-quality in the coal region of West Virginia, Part I of

Water quality of Appalachia, U.S. Department of Agriculture, Forest Service,
Berea, Kentucky.

ABSTRACT:
This study was undertaken with the primary objective of establishing a water 
quality data base for small first order unmined and surface-mined watersheds 
throughout Appalachia. There is a need for data which explicitly show changes 
in water quality attributable to both old and recent surface mining. Most 
previous water quality data in the study area was from watersheds so large that 
it was impossible to isolate the effects of surface mining from the confounding 
effects of other activites of man.

Small streams were sampled in selected counties in the State where coal is 
surface mined. Sampling was at approximate monthly intervals. The water quality 
data from these streams are presented in this report and should help fill the 
need for data from small watersheds in Appalachia.

REFERENCE CODE: M/S3-2

(To be published)
Ehlke, T. A., and others, 1981, Hydrology of area 8, eastern coal province, West 

Virginia: U.S. Geological Survey, Water-Resources Investigation, Open- 
File Report.

Reports to be published in 1981-1982 for areas 9, 10, and 12 also.

SUMMARY:
The coal provinces of the country are divided into hydrologic reporting areas. 
Hydrologic information and sources are presented as text, tables, maps, and 
other illustrations designed to be useful to mine owners, operators, and 
consulting engineers in planning and implementing surface-mine operations that 
comply with the environmental requirements of the "Surface Mining Control and 
Reclamation Act of 1977."

REFERENCE CODE: M/S3-3

Runner, G. S., 1980, Runoff Studies on Small Drainage Areas (Technique for 
Estimating Magnitude and Frequency of Floods inr West Virginia), U.S. 
Geological Survey Open-File Report 80-1218.

Runner, G. S., 1980, Hydrologic data for runoff studies on small drainage areas, 
U.S. Geological Survey Open-File Report 80-560.
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ABSTRACT:
A technique is presented for estimating the magnitude and frequency of floods on 
unregulated, virtually natural streams in West Virginia. Multiple-regression 
techniques were used to develop relations between dependent variables, flood 
peaks, and independent variable, drainage areas. Data collected at 170 stream- 
gaging sites were used in the analyses.

Analyses of all residuals errors indicated that the best estimate of flood peaks 
could be made by dividing the state into three regions.

Peak discharges can be estimated for drainage areas from about 0.3 square miles 
up to 2000 square miles. Graphs are provided to estimate the flood peak having 
recurrence intervals of 2, 5, 10, 25, 50, 100, and 500 years and drainage areas 
between 1 and 1000 square miles. For drainage areas less than 1 and greater 
than 1,000 square miles, peak flows can be estimated using equations listed on 
each graph. (From author's summary)

REFERENCE CODE: M/S3-4

Runner, G. S., and Chin, E. H., 1980, Flood of April 1977 in the Appalachian 
region of Kentucky, Tennessee, Virginia, and West Virginia: U.S. 
Geological Survey Professional Paper 1028.

ABSTRACT:
Heavy rains fell over the Appalachian region of Kentucky, Tennessee, Virginia 
and West Virginia April 2-5, 1977, causing record flooding. Rainfall amounts 
of 4 to 15.5 inches were observed. The maximum amount of 15.5 inches occurred 
at Jolo, West Virginia, in about 30 hours. This was more than twice the amount 
which would be expected for a 100-year recurrence-interval storm. Flood 
discharges along the upper Guyandotte River; Tug Fork and Levisa Fork in the 
Big Sandy River basin; Cumberland River; and Clinch River and Dowell River in the 
Tennessee River basin exceeded those previously known. Severe flooding also 
occurred along the Holston River and along the North Fork Kentucky River. 
Recurrence intervals of observed flood discharges were greater than 100-years 
at 29 streamflow measurement sites. Substantial reductions in peak stages and 
discharges on Levisa Fork, North Pound River, and Guyandotte'River, attained 
as a result of reservoir storage, were reported by U.S. Army Corps of Engineers. 
Maximum daily suspended-sediment discharges on Guyandotte River near Baileysville, 
West Virginia, and the Tug Fork at Glenhayes, West Virginia, were 54,800 tons/day 
and 290,000 tons/day, respectively, April 5, 1977. Twenty-two lives were lost 
and total property damage reportedly exceeded $400 million in the four-state area.
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REFERENCE CODE: M/S3-5

Scott, A. G., 1980, An interim report on the investigation of flooding in the 
Tug Fork basin of Kentucky, Virginia, and West Virginia: U.S. Geological 
Survey, Water-Resources Investigations, Open-File Report 80-1188, p. 116.

ABSTRACT:
An analytical plan is presented for a study of the effects of land-use changes
on the magnitude and frequency of flood-peak flows and on sediment characteristics
of the Tug Fork in Kentucky, Virginia, and West Virginia. The plan includes
compilation and analysis of available data, collection of new data on small,
single land-use drainage areas for deterministic computer modeling, and
creation of a computer model of the Tug Fork basin for definition of cumulative
land-use impacts.

Also presented is a compilation of the available hydrologic data and a description 
of related studies expected to provide information and data useful to the ongoing 
work. The data compilation includes: Hourly precipitation for selected days 
and annual maximum daily precipitation for nine sites, annual maximum streamflow 
rates and stages for three stream-gaging sites, hourly gageheight and discharge 
rates for selected storms at four stream-gaging sites, flood profiles, flood- 
frequency relations, and other streamflow information.

REFERENCE CODE: M/S3-6

Double, M. L., Savio, J. A., and Bissonnette, G. K., 1978, Recovery of 
sanitary-indicator bacteria from streams containing acid mine water: 
West Virginia University Bulletin, Series 78, No. 10-7, Water Research 
Institute, Information Report 11, WRI-WW-78-02, 30 p.

ABSTRACT:
Quantitative and qualitative bacteriological studies were conducted on samples 
from several points on the Monongahela River and its tributaries in areas 
where the streams are simultaneously affected by acid mine water and organic 
waste pollution. Multiple-tube fermentation techniques were found to be 
preferable to conventional direct membrane filtration in recovering sublethally 
injured coliforms. The recovery was substantially enhanced by the inclusion 
of an enrichment step in the procedure. Qualitatively, several members of the 
Enterobacteriaceae were identified, and the differences in the distribution of 
members of the species at various sampling points suggested that respective 
members of the species were affected differently by acid mine water. The 
relative ease of quantitatively detecting fecal streptococci from streams 
affected by acid mine drainage indicated that this group should be considered 
for use in assessing bacteriological quality of acid streams. Qualitatively, 
all members of the fecal streptococcal group were isolated from the streams 
affected by acid mine water; with the exception of Stjreptococcus bovis and 
Streptococcus equinis. "Total" plate counts, performed on several water samples 
during the summer months, showed that at incubation temperatures of 10°, 20°, 
and 35°C there was little difference in quantative detection of bacteria. 
Prolonged incubation of the "total" bacteria plates gave rise to chromagenic 
colonies, the numbers of which were found to be correlated with the relative 
presence of acid mine water in the stream. (Author 1 s abstract adapted)
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REFERENCE CODE: M/S3-7

Alderman, J. K. and Smith, W. M., 1977, Acid mine drainage: the problem and 
the solution: West Virginia University, Coal Research Bureau, Coal 
Mining and Processing 14 (8), p. 66-68, 87-88.

ABSTRACT:
The authors review the extent of acid mine drainage in West Virginia and some 
of the abatement projects carried out over the years. They emphasize the 
great amount of money required to reclaim watersheds affected by mine drainage, 
especially from abandoned mines. One recommendation is further research to 
develop more effective and efficient abatement techniques. A second 
recommendation is to recover and use minerals and metals in the drainage and 
in the sludge from treatment plants. (From Gleason, 1980)

REFERENCE CODE: M/S3-8

Sack, W. A., Jenkins, C. R., Chambers, B. R., and Lange, R. W., II, 1976, 
Modeling of acid mine drainage and other pollutants in the Monongahela 
River basin under low flow conditions: West Virginia, Department of 
Natural Resources, Charleston, West Virginia, 159 p.

ABSTRACT:
The QUAL 2 model was used to estimate conservative and nonconservative pollutant 
concentration in the Monongahela River basin under low flow conditions. The work 
was restricted to the West Virginia portion of the basin which as four major 
sub-basins: Tygart, West Fort, Cheat, and Monongahela. Net acidity, total 
dissolved solids, dissolved oxygen and ultimate oxygen demand were the parameters 
modeled. Point sources included over 100 municipalities and almost 2,000 active 
and abandoned deep mine-related discharges. (From author's Introduction and 
Summary)

REFERENCE CODE: M/S3-9

Smith, R. M., Sobek, A. A., Arkle, T. Jr., Sencindiver, J. C., and Freeman, J. R., 
1975, Extensive overburden potentials for soil and water quality: U.S. 
Environmental Protection Agency Report EPA/600-2-76/184, 329 p.

ABSTRACT:
Chemical, physical and mineralogical measurements and interpretations developed 
during previous studies in West Virginia have been improved and applied to 
coal overburden columns in 12 widely spaced neighborhoods and 2 adjunct locations 
in 10 states, from Pennsylvania on the northeast to Alabama on the southeast 
and Oklahoma on the west. Field studies in each neighborhood and adjunct 
location involved logging and sampling soil and rock horizons from surface to 
coal, testing and improving field clues, determining properties of mine soils 
and water resulting from mining operations, and checking reclamation. Consistent
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overburden property relationships within basins and over particular named coals 
provide opportunities for generalizations and extra-polation between sampled 
sites. It appears feasible to use detailed information from overburden sampling 
and analysis as an aid to pre-mining planning of surface mining operations 
including reclamation and project land use.

REFERENCE CODE: M/S3-10

Environmental Quality Systems, Inc., 1973, Determination of estimated mean 
mine water quantity and quality from imperfect data and historical 
records: Rockville, Maryland, 166 p.

AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161
as PB-242 721

ABSTRACT:
This report is one of a series dealing with different aspects of environmental 
pollution in the Monongahela River basin. The purpose of the study was to 
develop a methodology determining the increase or decrease and the sources of 
pollution when complete data is not available. Special attention was given to 
acid mine drainage. (From USGS WRSIC abstract system)

REFERENCE CODE: M/S3-11

U.S. Environmental Protection Agency, 1973, The status of active deep mines in 
the Monongahela River basin: Surveillance Analysis Division, Work 
Document No. 46, Wheeling Field Office, 129 p.

ABSTRACT:
As a result of the Monongahela Enforcement Conference in 1971, the survey of 
mines in the area, carried out after the first conference in 1963, was updated. 
Each of the active underground mine sites previously listed was revisited to 
determine current operational status and to sample any mine drainage discharges 
Although new mine sites were not actively sought, any that were encountered in 
the course of the survey were added to the inventory. The detailed results of 
the inventory are presented including results from water analyses for pH, 
acidity, iron, sulfate, and amount of flow. (From Gleason and Russell, 1977)
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REFERENCE CODE: M/S3-12

Clarkson, R. B. and Moore, J. A., 1971, Vascular aquatic plants in acid mine 
water of the Monongahela River, West Virginia: West Virginia University, 
Water Resources Institute, Bulletin 2, 8 p.

ABSTRACT:
Six areas on the Monongahela, Tygart Valley, and West Fork Rivers were studied
intensively. Measurements were made of nitrogen, phosphate, calcium, total
acidity, iron, and pH of the water; substrate grain size; water velocity; and
water level. The authors conclude that "substrate, phosphate, and water-level
fluctuation are the factors most important to growth of vascular aquatic
plants in streams containing acid mine water." (From Gleason and Russell, 1977)

REFERENCE CODE: M/S3-13

U.S. Environmental Protection Agency, Division of Field Investigations, 1971, 
Monongahela River mine drainage remedial project: Summary Report to 
Enforcement Conference, Monongahela River and It's Tributaries, Cincinnati, 
235 p.

ABSTRACT:
Presented are detailed sections on the geology and hydrology of the Monongahela 
River basin; mining methods; effects of mine drainage on stream quality; the 
stream sampling program carried out by the Technical Committee; cost estimates 
for pollution abatement; and the regulations and abatement programs of 
Maryland, Pennsylvania, and West Virginia. Attachment A gives summaries of 
inventories of pollution sources by sub-basin. In Attachment B are recommenda 
tions of individual Technical Committee members. Attachment C gives the status 
of active mines including effluent quality data. (From Gleason and Russell, 1977)

REFERENCES CODE: M/S3-14

Cook, H. A., 1969, Influence of acid mine water on the microflora of sewage: 
Ph.D. Thesis, West Virginia University, 82 p.

ABSTRACT:
The three-fold purpose of this work was to study the microflora of a mine acid 
polluted river, the Monongahela; to study the effects of acid mine water on the 
microorganisms in domestic sewage; and to determine if raw sewage contains amino 
acids which could serve as nutrients for the microflora in the receiving waters. 
Microbial population in samples from specified sites along the Monongahela River 
are reported as total number and percentages of bacteria, yeasts, and filamentous 
fungi. Temperature and pH influence the number and types of organisms present 
in incubated samples. Raw sewage alone and mixed with acid mine water were
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analyzed for amino acids. Several of the 17 amino acids detected in the sewage 
could not be detected in the laine water-sewage mixture and others were present 
in the mixture only in trace amounts. In the mixture, ammonia concentration 
increases greatly. (From Gleason and Russell, 1977)
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Ward, P. E. and Wilmoth, B. M., 1968, Records of wells, springs and test
borings, chemical analyses of ground water, and selected driller's logs 
from the Monongahela River basin in West Virginia: West Virginia Geological 
and Economical Survey Basin Data Report 1, 73 p.

Ward, P. E. and Wilmoth, 1968, Ground-water hydrology of the Monongahela River 
basin in West Virginia: West Virginia Geological and Economical Survey 
River basin Bulletin 1, 54 p.

Friel, E. A., Wilmoth, B. M., Ward, P. E., and Wark, J. W., 1967, Water Resources 
of the Monongahela River basin, West Virginia: West Virginia Department 
of Natural Resources, Division of Water Resources Report, 118 p.

ABSTRACT:
The quantity of water available in the Monongahela River basin in north-central 
West Virginia is adequate to meet the water-use needs of today and for many years 
to come. Only about 10 percent of the 7,500 cubic feet per second (A,800 million 
gallons per day) that flows from the basin into Pennsylvania is being used. Much 
of this is not consumed and is, therefore, available for reuse. This is especially 
true of the water used for cooling in connection with power generation, which 
accounts for nearly 90 percent of the total water used in the basin.

A problem of prime concern is the chemical quality of surface water. In streams 
draining sparsely settled mountainous areas this is not much of a problem but in 
other areas the streams are highly mineralized primarily a result of the discharge 
of acid water from coal-mining areas. Though not widespread, industrial and 
municipal wastes reaching local drainageways add to the quality problem.

The natural chemical character of the groundwater in the basin is, with some 
exceptions, satisfactory for most uses. The iron content is high enough in many 
places to make its removal desirable. Groundwater is objectionally hard in some 
areas and in a few localities hydrogen sulfied occurs in objectionable quantities. 
Salty groundwater is found in some aquifers at depths of 100 to 300 feet below 
the level of the major stream channels in the western part of the basin.

Mining activities affect the local occurrence of groundwater, but the basinwide 
effect is negligible. The mines act as drainageways for the discharge of ground- 
water and in a few places have caused a considerable drop in water levels. The 
effect of mining on the chemical quality of the groundwater apparently does not 
extend beyond the immediate vicinity of the mines. (From summary)
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REFERENCE CODE: M/S3-16

Biesecker, J. E. and George, J. R., 1966, Stream quality in Appalachia as 
related to coal-mine drainage, 1965: U.S. Geological Survey Circular 
526, 27 p.

ABSTRACT:
A stream-quality reconnaissance at 318 locations in May 1965 offered the first 
opportunity for a contemporaneous regional collection and appraisal of water- 
quality data in Appalachia. The results provide a means of regional comparison 
of the influence of coal-mine drainage on stream quality at approximately 
median streamflow. The results disclose that the chemical quality of the water 
at nearly 200 sites did not meet recommended drinking water standards. At many 
of these sites, inferior quality was caused by excessive concentrations of 
solutes commonly associated with coal mine waters.

Water-quality damage from mine drainage is particularly severe in the more 
heavily mined northern one-third of the region where high sulfate content, free 
mineral acidity*, and low pH are typical of most affected streams. A deficiency 
in natural stream alkalinity in this part of the coal region contributes greatly 
to the massive effect of mine drainage upon stream quality. However, data 
collected from streams affected by mine drainage along the west edge of this part 
of the coal field suggest extensive neutralization of mine water. In southern 
Appalachia coal mine drainage had less influence on stream quality than in 
northern Appalachia. Fewer streams in this area were influenced by mine 
drainage, and the magnitude of stream damage for affected streams was less 
than in northern Appalachia. (Author's abstract)

REFERENCE CODE: M/S3-17

Musser, J. J., 1965, Water Resources of the Appalachian Region: Pennsylvania 
to Alabama; U.S. Geological Survey Hydrol. Investigation Atalas HA-198, 
Sheet 9.

SUMMARY:
Acid streams in the Appalachian region are identified and discussed, and the 
amount of acidity as H^SO, discharged annually into several streams is tabulated,
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NAUDEX listings of sources of monitoring-site data found 
in the Shawnee National Forest study area.
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SUPPLEMENTAL DATA I: LISTING 1

Sources of streamflow and stage data in the Shawnee National 
Forest area.
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SUPPLEMENTAL DATA I: LISTING 2

Sources of surface-water-quality data in the Shawnee National 
Forest area.
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SUPPLEMENTAL DATA I: LISTING 3

Sources of ground-water-quality data in the Shawnee National 
Forest area.
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SUPPLEMENTAL DATA J

Annotated bibliography of investigations pertinent to coal 
mining and water resources in the Shawnee National Forest 
study area.
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SUPPLEMENTAL DATA J: SUMMARY 1

Annotated bibliography of hydrologic studies performed 
in small areas of the Shawnee National Forest area.
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REFERENCE C.ODE: S/S1-1

TITLE: Characterization of Runoff from Strip Mined Lands.

STARTING DATE: January 1975.

COMPLETION DATE; September 1980.

GEOGRAPHICAL AREA: Selected small basins in Illinois (one basin is in study
area).

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
One objective of this project was to determine the differences in stream runoff 
caused by strip mining. Hydrologic flow statistics such as peak flows, flood 
flows at various recurrence intervals and sustained flows for various periods and 
recurrence intervals should differ according to the percent of strip mined land 
within a drainage basin. A second objective of the project was to define chemical 
concentrations and loads contributed to surface runoff by strip mined areas and 
non-strip mined areas. These loads were then compared based on percent of strip 
mined land and non-strip mined land within each basin.

Six monitoring stations (two located in the study area) are located within the 
strip mining areas in Illinois. All monitoring sites located on streams with 
small drainage areas (less than 15 square miles). Three of the monitoring sites 
were chosen such that a large portion of the drainage basin above the site had 
been mined. The remaining three sites were selected so as to reflect natural 
conditions. Each of the six sites were instrumented to measure streamflow, 
precipitation, specific conductance, and water temperature. Suspended sediment and 
water samples were collected on a monthly frequency and during storm events to 
define chemical changes.

PUBLISHED REPORTS AND(OR) ARTICLES:
(Soon to be published)
Brabets, T. P., Runoff characteristics from strip mined lands in Illinois:

U.S. Geological Survey Water Resources Investigation, Open-File Report.

AVAILABLE FROM:
U.S. Geological Survey
Urbana, Illinois 61801

REFERENCE CODE: S/S1-2

TITLE: Southern Illinois Mine Waste Control Plan A Summary. 

GEOGRAPHICAL AREA: Big Muddy and Saline River basins. 

AREAL EXTENT: 300 mi2
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REFERENCE CODE: S/S1-2 Continued.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The results of a 2-year study aimed at assessing the 300 sq. mi. acid mine 
drainage impacted area within southern Illinois are summarized. Study program 
elements included the following activities: inventorying all mine waste sources 
within the Big Buddy and Saline River basins; conducting a long-term sampling 
and flow gaging program to provide water-quality data throughout the two water 
sheds; and developing a computer-based simulation model of the two river systems 
to allow for assessment of water quality for both present and future projected 
conditions as assessment of reclamation and mine waste control feasibility 
throughout the area. (Water Resources Abstracts)

PUBLISHED REPORTS AND(OR) ARTICLES:
Pisano, W. C., and Aronson, G. L., 1980, Southern Illinois mine waste control

plan a summary: American Society of Civil Engineers, Environmental
Engineering Division Journal 106 (EEl), pp. 55-68.

REFERENCE.CODE: S/S1-3

TITLE: Biological Investigation of the Crab Orchard Creek Basin. 

STARTING DATE: Summer 1975.

GEOGRAPHICAL AREA: Williamson and Jackson Counties, Illinois. 

AREAL EXTENT; mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
A biological investigation of Crab Orchard Creek watershed in Williamson and 
Jackson Counties, Illinois was conducted during summer, 1975, at 70 stream 
locations. Fifteen locations in Crab Orchard Lake were sampled for benthic 
macroinvertebrates and toxic materials in bottom sediments. Water quality in 
the basin largely reflected existing land use patterns and population centers. 
Good water quality was generally found in streams in the southern part of the 
basin where Crab Orchard National Wildlife Refuge and Shawnee National Forest 
form a significant part of the watershed. Major degradation of streams occurred 
near the cities of Marion, Carterville, and Carbondale where point discharges 
exist and in sections of the watershed where coal mining takes place. (Adapted 
from the author ? s summary)

PUBLISHED REPORTS .AND(OR) ARTICLES:
Kite, R. L., and King, Marvin, 1977, Biological investigation of the Crab

Orchard Creek basin-summer, 1975: Illinois Environmental Protection
Agency, Division of Water Pollution Control, 141 p.

285



REFERENCE CODE: S/S1-4

TITLE: Reclamation of Orphan Strip Mined Land in Southern Illinois and 
Western Kentucky.

GEOGRAPHICAL AREA: Williamson County, Illinois. 

AREAL EXTENT; 0.3 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The Palzo Project is a 192-acre, surface-mined area which discharges acid 
drainage. It is being reclaimed by using sewage sludge as a spoil amendment 
and then revegetating. Water quality in the creek that drains the area was 
monitored at seven sampling stations by both chemical and biological analyses, 
Various biological diversity indexes used as indications of pollution are 
discussed and evaluated and found to be misleading. In Kentucky, the Clear 
Creek Swamp area has been caused by the filling of stream channels by erosion 
from farm lands. Some parts of the swamp are affected by acid drainage from 
mining in the watershed. Both water quality and biota of the swamp were 
studied. (Gleason and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES:
Leuthart, C. A., 1975, Reclamation of orphan strip mined land in southern

Illinois and western Kentucky, a field study of the Palzo Project of 
Willaimson County, Illinois and the Clear Creek Swamp of Webster and 
Hopkins Counties, Kentucky: Ph.D. Thesis, University of Louisville, 
University Microfilms 75-25, 471, 225 p.

REFERENCE CODE: S/S1-5

TITLE: Effects of Stripmine Wastes on the Ecology of the South Fork of the 
Saline River.

GEOGRAPHICAL AREA: Saline and Gallatin Counties, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Biotic and abiotic aspects of the South Fork of the Saline River, Saline and 
Gallatin Counties, Illinois, were studied from June, 1968 to March, 1971. The 
water clarity in the unaffected reaches could be described as murky (90 percent 
of tubidity determinations were above 50 JTU's). Affected stations generally 
had clearer water (30 percent of turbidity determinations were below 50 JTU's). 
Dissolved oxygen was highest in winter and tended to average 85 to 100 percent 
saturation during this period. Alkalinity was highest during summer and fall 
months when discharge was low. pH was highest in the upstream stations and 
reached low levels (2.9-2.7) downstream. Iron and manganese were high at down 
stream stations. Sulfate levels were high at all stations receiving drainage 
from mining areas. Iron was determined not to be a reliable detection parameter 
in tracing mine drainage. Sulfate proved to be a useful evaluation tool in 
determining if a drainage system was receiving mine drainage. Manganese was a
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REFERENCE CODE: S/S1-5 Continued.

better evaluation tool than iron. Vascular aquatic plants, algae, zooplankton, 
benthic macroinvertebrates, fish, and vertebrates other than fishes were sampled 
and are discussed. It was concluded that acid mine drainage resulted in a 
lowering of pH and an increase in acidity, sulfate, iron, and manganese and also 
that acid mine drainage sufficient to destroy the buffering capacity (alkalinity) 
of the stream resulted in a great reduction of number and species of organisms. 
Minor amounts of acid mine drainage had no discernable effect on stream populations, 
although there was a tendency to depress pH and increase sulfate and manganese. 
(Adapted from author's summary)

PUBLISHED REPORTS AND(OR) ARTICLES:
Rosso, W. A., 1975, Effects of stripmine wastes on the ecology of the South Fork 

of the SAline River: Ph.D Dissertation, Southern Illinois University at 
Carbondale, Department of Zoology, Carbondale, IL 62901, 134 pp.

REFERENCE CODE: S/S1-6

TITLE: Physico-Chemical Characteristics of Ponds in Pyatt, Desoto, and Elkville 
Strip Mined Areas in Southern Illinois.

GEOGRAPHICAL AREA: Jackson and Perry Counties, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The ponds were studied both in winter and in summer. Among the findings were 
that there was high concentration of dissolved oxygen in the thermocline, pH 
values ranged from 3 to 8, and specific conductance was high. Not all ponds 
supported fish. In the ponds where fish lived, green sunfish, bluegill, and 
largemouth bass were the most common species. (Gleason and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES;
Lewis, W. M., and Peters, C., 1954, Physico-chemical characteristics of ponds

in the Pyatt, Desoto, and Elkville strip mined areas of southern Illinois: 
Trans. of the American Fisheries Society 84, pp. 117-124.
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SUPPLEMENTAL DATA J: SUMMARY 2

Annotated bibliography of studies concerned with the 
influence of coal mining on the water resources of any 
small areas in Illinois.
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REFERENCE CODE: S/S2-1

TITLE: Hydrologic Effects of Storing Liquified Sludge in Strip-Mined Land.

STARTING DATE: October 1978.

COMPLETION DATE: September 1980.

GEOGRAPHICAL AREA: Fulton County, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The objective of this project was to construct a mathematical model simulating 
direction of flow, rate of ground-water movement, and rate of solute transport 
and/or attenuation.

Approximately 20 monitoring wells will be drilled to bedrock for water levels
and water-quality samples. Aquifer properties will be estimated using the results
of slug tests, pumping tests, and laboratory analyses of material of any contaminants,
Changes in quality with distance from the lagoons will be used to estimate time-
of-travel and attenuation. A mathematical model of the ground-water flow system
will be constructed. Predictive simulations will then be done under various
assumed operational conditions to estimate future effects of the sludge lagoons
on local hydrologic conditions.

PUBLISHED REPORTS AND(OR) ARTICLES:
(Soon to be published)
Patterson, G. L., Hydrologic effects of storing liquified sludge in strip-mined

land: U.S. Geological Survey Water Resources Investigation, Open-File
Report.

AVAILABLE FROM:
U.S. Geological Survey
Urbana, Illinois 61801

REFERENCE CODE: S/S2-2

TITLE: Hydrology of Surface Coal Mines in Illinois.

GEOGRAPHICAL AREA: Three abandoned surface mines throughout the State.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The impact of surface coal mining on ground water in Illinois is being investi 
gated in a long-term study designed to characterize and compare mine spoil and 
unmined overburden, to determine pre- and post-mining ground-water conditions, 
and to develop a methodology for assessing the potential hydrogeologic impact of 
future surface mining. Because ground-water conditions vary in different types 
of spoil materials, three abandoned surface mines are currently being monitored. 
All three sites were mined during the 1940 l s.
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REFERENCE CODE: S/S2-2--Continued.

The first site is near Ottawa in La Salle County. Before it was mined, the site 
was underlain largely by shale beneath a thin cover of glacial till. The spoil 
resulting from mining is 30 to 45 feet thick. The static ground-water level is 
at or near the base of the spoil; no lakes have formed in the spoil.

The predominant overburden material at the second mine, near Coal City in Grundy 
County, was aeolian sand. The spoil, primarily sand, is 40 to 60 feet thick, and 
contains several lakes. Ground-water and lake levels are comparable, indicating 
a connection between surface water and ground water.

At the third site, near Harrisburg in southern Illinois, the premining overburden 
consisted of 45 to 50 feet of sand and lacustrine silts and clays overlying 10 
to 20 feet of limestone and shale. Water levels in wells suggest hydraulic 
continuity of ground water with a nearby final-cut lake. (Author's abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Lindorff, D. E., 1980, Hydrogeology of surface coal mines in Illinois: Symposium

of Surface Mining Hydrology, Sedimentology, and Reclamation, Lexington, Kentucky,
Proceedings, p. 33-40.

REFERENCE CODE: S/S2-3

TITLE: Groundwater Leaching of Pyritic Coal Mine Spoils and the Effects on 
Water Resources.

STARTING DATE: October 1979. 

COMPLETION DATE: September 1980. 

GEOGRAPHICAL AREA: Grundy County, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The objective was to determine mechanisms of leaching and groundwater transport 
of contaminants from spoil material at Goose Lake (Grundy County), Illinois; 
assess the nature and magnitude of adverse impacts caused by groundwater trans 
port; and provide information on groundwater systems in mined areas, monitoring 
design and reclamation methods effective in controlling hydrology and quality 
of groundwater resources.

The approach was to use ceramic-cup soil water samplers, installed in the unsaturated 
spoil, to collect water at various depths as it percolates through the spoil to 
determine effectiveness of reclamation in controlling subsurface pyrite oxidation 
and leaching. Characterize hydrology and chemistry of groundwater flow system 
within the spoil material, assess hydrologic relationships between ponds and 
groundwater in spoil, and determine potential problems of pond reclamation due 
to subsurface flow of acidic water into ponds. Monthly measurement, pumping tests 
and barometric efficiency tests, seasonal collections and analysis, collection of 
spoil samples, rain gage monitoring of precipitation, and evaporation pans will 
be employed.
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REFERENCE CODE: S/S2-3--Continued.

PUBLISHED REPORTS AND(OR) ARTICLES:
Schubert, J. P., and Prodan, P., about 1980, Groundwater leaching of pyritic 

coal mine spoils and the effects on water resources: Performing organi 
zation-Southern Illinois University, Carbondale Campus, Graduate School, 
Cardondale, IL 62901; Sponsoring organization-U.S. Dept. of Interior, 
Office of Surface Mining Reclamation and Enforcement, Washington, D.C.

REFERENCE CODE: S/S2-4

TITLE: Suitability of Dredged Material for Reclamation of Surface-Mined Land, 
Final Report.

GEOGRAPHICAL AREA: La Salle County, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Eroding ridges of acidic coal-mine spoil in La Salle County, Illinois, were 
leveled to form a gently-sloped raised plateau. Four test plots were constructed: 
a control plot and three treatment plots that received a 0.9-m-thick cover of 
dredged material obtained from the Metropolitan Sanitary District of Greater 
Chicago. Two treatment plots received lime applications and all plots were 
seeded with a mixture of grasses. Pressure-vaccum soil water samplers were installed, 
in duplicate, at two levels in the control plot and at three levels in each treat 
ment plot. The three levels in the treatment plots coincided with dredged material, 
the dredged-material mine-spoil interface, and the underlying mine spoil. Surface 
water, soil water, and ground water were monitored for 29 water-quality parameters 
for one year. Rainfall, air temperature, runoff, and water-level elevation data 
were collected also. Detailed analysis of the data indicates that the dredged 
material used in the study does not adversely affect water quality; it supports 
abundent plant growth, lessens groundwater contamination, and controls acid runoff. 
The dredged material is judged to be a suitable material for use in reclamation 
of surface-mined land. (NTIS abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Harrison, W., and Van Luik, A., 1979, Suitabioity of dredged material for

reclamation of surface-mined land, final report: Argonne National Laboratory,
Illinois; Department of Energy, Washington, D.C., 138 p.

AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161
NTIS No. ANL/ES-73
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REFERENCE CODE: S/S2-5

TITLE: Characterization of Three Acid Strip Mine Lakes in Gundy County, 
Illinois.

GEOGRAPHICAL AREA: Gundy County, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Three small lakes with acid water and one with circumneutral water at an 
abandoned strip mine site were characterized to identify factors limiting 
biological productivity. Dissolved oxygen, specific conductance, and temperature 
profiles were determined. Water samples were analyzed for 23 parameters and the 
lakes were examined for the presence of aquatic vascular plants and benthic in 
habitants. The acid lakes ranged from 2.2 to 6.7 acres in surface area and from 
3.1 m to 6.7 m in maximum depth. The mean pH of the acid lakes ranged from 3.1 
to 3.9. Chemicals found at concentrations higher than Illinois surface water 
standards or federal criteria for the protection of aquatic life included Cd, Cu, 
Fe, Mn, SO,, and Zn. A number of these chemicals were at sufficiently high 
concentrations to limit the survival and productivity of most aquatic fauna. 
The lake with the poorest water quality had the least diversity of aquatic 
vascular plants and benthic invertebrates, while the circumneutral lake had the 
greatest diversity of species. (NTIS abstract)

PUBLISHED REPORTS AND(ORl ARTICLES:
Master, W. A., 1979, Characterization of three acid strip mine lakes in Gundy 

County, Illinois: Argonne National Lab., IL, Department of Energy, 69 p.

AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161

REFERENCE CODE: S/S2-6

TITLE: Black Water and Two Peculiar Types of Stratification in an Organically 
Loaded Strip-Mine Lake.

GEOGRAPHICAL AREA: Jackson County, Illinois,

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
During the summer of 1969, weekly water samples were taken from a lake near DeSoto ? 
Jackson County, Illinois, to investigate the cause and distribution of black water. 
Along with a thermal stratification, two types of chemical stratification,, due to 
the presence of ferrous sulfide, were observed. It was suggested that the one type 
of chemical stratification, produced by the process of photosynthesis and the 
reduction of sulfate ? be employed to improve the water quality of strip-mine lakes. 
(Gleason, 1980)

PUBLISHED REPORTS AND(OR) ARTICLES:
Stahl, J. B., 1979, Black water and two peculiar types of stratification in an 

organically loaded strip-mine lake; Water Research 13 (5), pp, 467-471.
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REFERENCE CODE: S/S2-7

TITLE: Multidisciplinary Approach to Reclamation of Abandoned Refuse Sites. 

GEOGRAPHICAL AREA: Site in southwestern Illinois. 

AREAL EXTENT; 0.05 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The Staunton 1 Reclamation Demonstration Project involves an evaluation of the 
reclamation process at an abandoned coal mine refuse site in southwestern 
Illinois. A multidisciplinary team of scientists and engineers selected the 
site, collected baseline environmental data, determined the final lane use, 
and developed and implemented detailed engineering plans. Refuse material at 
the 34-acre site was recontoured and covered to a minimum depth of one foot 
with soil obtained on-site. This same multidisciplinary approach is being 
used to evaluate post-construction environmental conditions at the site. Current 
investigations are monitoring conditions related to groundwater, surface water, 
aquatic ecosystems, revegetation, soils, erosion and runoff, soil microbial 
populations, and wildlife invastion. Information collected to date indicates 
that a significant improvement has occurred in the environmental quality of the 
site. The economic potential of the site is also being investigated and 
documented; a substantial increase in the economic potential of the site and 
adjacent properties has been recorded. The project is demonstrating methods 
that can be used to reclaim abandoned coal refuse sites and is providing design 
for future reclamation efforts of this type. (NTIS abstract)

PUBLISHED REPORTS_AND10R)_ARTICLES:
Zellmer, S., and Wilkey, M., 1979, Multidisciplinary approach to reclamation of

abandoned refuse sites: Coal Conference and Expo V, Louisville, Kentucky,
23 Oct. 1979, 13 p.

AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161

REFERENCE CODE: S/S2-8

TITLE: Modeling Hydrologic Characteristics of Strip Mines.

STARTING DATE: October 1979.

GEOGRAPHICAL AREA: Two small basins in central and southern Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
The objective of this study is to document the effects of strip mining and 
subsequent reclamation on the hydrology of a small basin and to develop models 
that could simulate those effects.
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Two small basins (5 square miles or less), in which a high degree of mining 
activity is planned, will be selected, one each in the major coal mining 
regions of western and southern Illinois. Hydrologic data will be collected 
before, during, and after mining, documenting surface-water diversions; 
ground-water flow systems; and surface- and ground-water quality. The 
Distributed Routing Rainfall-Runoff Model and the quality component of the 
model will be utilized to simulate the quantity and quality of streamflow through 
out the strip-mining process. The Finite-Difference Model for Aquifer Simulation 
in Two Dimensions will be used to simulate ground-water flow into and/or 
through the mine-disturbed area.

CONDUCTED BY:
U.S. Geological Survey
Urbana, Illinois 61801

REFERENCE CODE: S/S2-9

TITLE: Monitoring Hydrologic Effects of Strip-Mine Reclamation.

STARTING DATE: October 1978.

GEOGRAPHICAL AREA: Fulton county, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The objective of this project is to monitor the quantity, quality, and sediment
transport of streams draining the area of strip-mine land being reclaimed.

Four existing gaging stations in the project area will be used to measure quantity 
of runoff. Two stations on Big Creek, one above and one below the project area, 
will be used to measure the overall effect of the project on streams in the area. 
Water quantity, quality, and sediment transport will be measured at these stations, 
Evelyn Branch, a tributary to Big Creek between the two above stations, will be 
used to directly measure quantity and quality of a large part of the area. Slug 
Run, another tributary to Big Creek, will be monitored for quantity, quality, and 
sediment transport. Samples for chemical analyses will be collected monthly at 
all sites. Specific conductance and temperature will be recorded at all sites. 
Samples of the sludge and bottom materials at all sites will be analyzed annually.

CONDUCTED BY;
U.S. Geological Survey
Urbana, Illinois 61801
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REFERENCE CODE: S/S2-10

TITLE: Monitoring the Effects of Coal Refuse Disposal and Reclamation on 
the Water Quality in Southeastern Illinois.

GEOGRAPHICAL AREA: Near Staunton, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
To assess water-quality problems created by an abandoned and unreclaimed coal 
refuse disposal area, a site near Staunton, 111., was monitored. Dissolved 
metals, low pH, high concentrations of acidity, and sulfate in drainage had 
a profound impact on water quality in streams during periods of rain. Shallow 
groundwater near the bog pile was poor quality, but quality was better more 
than 400 ft away. Residential wells in a 0.5 mi radius showed no contamination 
by leachate from the abandoned coal refuse area. (ENVIROLINE abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Schubert, J. P., Olson, R. D., and Zellmer, S. D., 1977, Monitoring the effects 

of coal refuse disposal and reclamation on water quality in southwestern 
Illinois: presented at Sensing of Environmental Pollutants 4th Joint 
Conference, New Orleans, LA, Nov. 6-11,. 1977, P724 (8).

REFERENCE CODE: S/S2-11

TITLE: Environmental Impacts of Land Application of Sludge.

GEOGRAPHICAL AREA: Fulton county, Illinois.

PURPOSE^ OBJECTIVES, AND(ORl RESULTS:
Data from the extensive environmental monitoring program of the Fulton County, 
Illinois, land reclamation site operated by the Metropolitan Sanitary District 
of Greater Chicago since 1971 are presented. Information pertaining to 
discharges from fields receiving digested sludge, stream water entering and 
leaving the site, groundwater from 23 wells drilled on the site, corn grain 
grown with digested sludge, and fish living in reservoirs draining the 
sludge-digested fields indicates that the project is environmentally sound. 
(ENVIROLINE abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Zenz, D. B., Peterson, J. R., Brooman, D. L., and Hue-Hing, Cecil, 1976,

Environmental impacts of land application of sludge: Water Pollution
Control Federation Journal, Vol. 48, No. 10, p. 2332.
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REFERENCE CODE: S/S2-12

TITLE: Ground Water Quality at a Strip-Mine Reclamation Area in Westcentral 
Illinois.

GEOGRAPHICAL AREA: Fulton County, Illinois.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Twenty-four groundwater monitoring wells were established both on non-disturbed 
land and on strip-mined land in Fulton County, Illinois, to provide baseline 
environmental data for twenty-three chemical characteristics. These lands being 
reclaimed to agriculture by applications of digested sewage sludge from 
Metropolitan Sanitary District of Greater Chicago. Water samples were analyzed 
monthly from December, 1971 to December, 1973. Data show that mine spoil 
groundwaters have higher metal contents as well as greater concentrations of 
chlorine, sulfate, and Kjeldahl nitrogen. Also groundwaters of the mined areas 
have a greater number of significant monthly, seasonal, and well-to-well 
variations in the chemical constituents analyzed for. Data from a typical mined 
area monitoring well were used to explore the possibility of using the monitoring 
data for evaluation of future groundwater quality. (Gleason and Russell, 1977)

PUBLISHED REPORTS AND(OR) ARTICLES:
Pietz, R. I., 1974, Ground water quality at a strip-mine reclamation area in

west central Illinois: National Coal Assoc./Bituminous Coal Research, Inc., 
Second Res. Applied Technol. Symp. Mined-Land Reclamation Preprints, 
Louisville, Kentucky, The Coal Building, 1130 Seventeenth Street, N.W., 
Washington, D.C. 20036, 124-144 p.
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SUPPLEMENTAL DATA J: SUMMARY 3

Annotated bibliography of large area studies pertinent to the 
hydrology of the Shawnee National Forest area.
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REFERENCE CODE: S/S3-1

(Soon to be published)
Graf, J. B., Computation and Regionalization of Time of Concentration and Storage

Coefficient Values for Illinois Streams: U.S. Geological Survey Water Resources
Investigation, Open-File Report.

OBJECTIVE AND APPROACH:
The objective of this project will be twofold: (1) to calculate T and K values 
for gages sites in Illinois where sufficient data currently exists, and (2) to 
develop predictive equations for T and K based on relationships to physical 
basin characteristics.

T and K values have already been determined for 56 sites with drainage areas 
less than 10 square miles. The Corps' HEC-1 hydrologic computer model will be 
utilized to determine T and K values at additional sites with larger drainage 
areas as part of the study. Multiple regression techniques will then be 
employed to develop predictive equations. Other parameters necessary for the 
regression analysis area are available in the WRD basin characteristics file.

REFERENCE CODE: S/S3-2

(Soon to be published)
Hood, W., and Robinson, P., Geochemistry of cadmium and other selected heavy 

metals as related to coal strip mining: Southern Illinois Univerity, 
Carbondale Campus School of Science, Dept. of Geology, Carbondale, Illinois, 
62901.

SUMMARY:
The project traces the occurrence of selected heavy metals from the overburden 
strata through the mining process to the final deposition stream sediment in 
Illinois coal strip mining. The metals are arsenic, cadmium, nickel, cobalt, 
chromium, and zinc.

Overburden samples, mine effluent samples, and stream water and sediment samples 
were analyzed to determine the influence and occurrence of the heavy metals in 
southern Illinois.

Many samples have been taken and seasonal variations are to be quantified. 
(From Current Research)

REFERENCE CODE: S/S3-3

Zuehls, E. E., Ryan, G. L., Peart, D. B., and Fitzgerald, K. K., 1981, Hydrology 
of area 35, eastern region, Interior Coal Province, Illinois and Kentucky: 
U.S. Geological Survey Water Resources Investigations Open-File Report 81-403, 
68 p., (includes Shawnee National Forest area).
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REFERENCE CODE: S/S3-3 Continued.

(Soon to be published)
Zuehls, E. E., Ryan, G. L., Peart, D. B., and Fitzgerald, K. K. , 1981, Hydro 

logy of Area 25, Eastern Region, Interior Coal Province, Illinois: U.S. 
Geological Survey Water Resources Investigations Open-File Report 81-636.

DESCRIPTION:
A nationwide need for information characterizing hydrologic conditions in mined 
and potentially mined areas has become paramount with the enactment of the 
Surface Mining Control and Reclamation Act of 1977.

The coal provinces of the country are divided into hydrologic reporting areas. 
Hydrologic information and sources are presented as text, tables, maps, and 
other illustrations useful to mine owners, operators, and consulting engineers 
in planning and impelmenting surface mine operations that comply with the 
environmental requirement of the Act.

REFERENCE CODE: S/S3-4

Gibb, J. P. and O'Hearn, M., 1980, Illinois groundwater quality data summary: 
Illinois State Water Survey Contract Report 230.

ABSTRACT:
None available.

REFERENCE CODE: S/S3-5

Krothe, N. C., Edkins, J. E., and Schubert, J. P., 1980, Leaching of metals and 
trace elements from sulfide-bearing coal waste in southeastern Illinois: 
Symposium on Surface Mining Hydrology, Sedimentology, and Reclamation, 
Lexington, Kentucky, Proceedings, p. 455-463.

ABSTRACT:
Metal sulfides, chiefly pyrite and monor sphalerite, associated with the Herrin 
(No. 6) coal member of the Pennsylvanian Carbondale Formation, have been concen 
trated in a coal refuse deposit in southern Illinois. Chemical, petrographic 
and X-ray diffraction data for 34 cores, show that the upper two meters of 
material have been leached of sulfides in the thirty years since washing operations 
ceased.

Oxidation of pyrite has produced highly acid waters with high concentrations of 
iron, zinc (up to 200 parts per million) and toxic trace elements that have leached 
downward to a water system perched on the underlying Illinoisan glacial drift. 
Deep well samples in the refuse pile are more saturated with metals than are 
the runoff waters and shallow well samples. Metal recovery does not appear to be 
economically feasible at this site. (Author's abstract)
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REFERENCE CODE: S/S3-6

O'Hearn, M. and Gibb, J. P., 1980, Groundwater discharge to Illinois streams: 
Illinois State Water Survey Contract Report 246.

ABSTRACT:
None available.

REFERENCE CODE: S/S3-7

Toler, L. G., 1980, Some chemical characteristics of mine drainage in Illinois: 
U.S. Geological Survey Open-File Report 80-416, 47 pp.

ABSTRACT:
Surface mining for coal in Illinois has affected runoff from the mined areas and 
altered water quality in the streams. Average annual sulfate loads in streams 
are 3,000 to 4,000 tons per square mile of mined land in the Big Muddy and 
Saline River basins in southern Illinois. Relative high concentrations of dis 
solved aluminum, arsenic, chromium, copper, iron, manganese, and zinc are commonly 
associated with concentrations of sulfate greater than about 2,000 milligrams 
per liter. (Author's abstract)

REFERENCE CODE: S/S3-8

Cartwright, Keros and Hunt, C. S., 1978, Hydrogeology of underground coal mines 
in Illinois: Illinois State Geological Survey Reprint 1978N, 20 p.

ABSTRACT:
Little is known about the hydrogeology of the ground-water systems around under 
ground coal mines. Illinois mines are generally "dry", with notable exceptions, 
despite their location in water-saturated rocks well below the water table. 
Reported pumpages of water from the mines vary from occasional pumping of pumps 
to pumpage in excess of 5,000 cubic meters per day. Most mines, however, report 
pumpages of less than 100 cubic meters per day. Some mines are reported to be 
"dry" even many years after being abandoned. These small volumes of water 
reported from the mines are directly related to the extremely low hydraulic 
conductivity of the rock associated with the coal. (From author's summary)

REFERENCE CODE: S/S3-9

Gibb, J. P. and Evans, R. L., 1978, Reconnaissance study of final cut impoundments 
Illinois Institute for Environmental Quality Report 78/25.

Gibb, J. P. and Evans, R. L., 1978, Preliminary evaluation of final cut lakes: 
Illinois State Water Survey Circular 130, 87 pp.
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REFERENCE CODE: S/S3-9 Continued.

ABSTRACT:
The feasibility of using final cut impoundments for public water supply, 
irrigation, and other uses in Illinois was evaluated. Four areas were studied: 
Grundy, St. Clair, Fulton, and Perry Counties. Three lakes of representative 
size and geologic-hydrologic setting in each county were assessed. The area 
and capacity of each lake was determined, and the sustained yield of each lake 
was estimated. The chemical, biological, and physical quality of the water 
in each lake was analyzed. On the basis of the sample lakes surveyed and 
maps of all lakes in Illinois' 40 counties where surface mining exists, the 
potential uses of the lakes are discussed in relation to water quality, quantity 
available, and estimated needs of the area. (ENVIROLINE abstract)

REFERENCE CODE: S/S3-10

Greater Egypt Regional Planning and Development Commission, 1978, Areawide 
waste treatment and water-quality management planning: P.O. Box 3160, 
Carbondale, 111. 62901.

Appendix B-l, Nonpoint sources of water pollution in the 208 area: 100 p.

Appendix B-2, Pollution sources, agriculture: 114 p.

Appendix B-6, Land use in the 208 area: 132 p.

Appendix C-4, The 208 macroinvertebrate study report the effects of acid 
mine drainage on mean species diversity in six southern Illinois streams: 
69 p.

Appendix C-6, Geology of the coal-mining portion of the southern Illinois 
208 area and it's applications to water-quality problems: 51 p.

Appendix F, Environmental assessment: 236 p.

ABSTRACT:
The report was prepared under Section 208 of the Water Pollution Control Act, as 
amended. It is a preliminary assessment of the alternative actions proposed in the 
southern Illinois 208 area. Also discussed are the existing environmental conditions 
in the 208 area, and projected environmental impacts of alternative actions which 
have been considered in the planning process. (NTIS abstract)

AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161
as PB-297 029 to PB-297 040.
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REFERENCE CODE: S/S3-11

Visocky, A. P., Wehrmann, H. A., Kirn, K. W., and Ringler, R. W., 1978, 
Assessment of public groundwater supplies in Illinois: Contract 
report prepared for the State Division of Water Resources by the State 
Water Survey and the State Geological Survey, Urbana, Illinois.

ABSTRACT:
None available.

REFERENCE CODE: S/S3-12

Wewarka, E. M., Williams, J. M. , Vanderborgh, N. E., Harmon, A. W., and Wagner, 
P., 1978, Trace element characterization of coal wastes, second annual 
progress report, October 1, 1976-September 30, 1977: Los Alamos Scientific 
Lab., NM, Department of Energy, Report No. EPA-600/7-78-029a, 154 pp.

ABSTRACT:
Analyses of the trace elements and minor minerals in bulk refuse and coal samples 
from the Illinois Basin were completed. This activity was followed by studies 
to elucidate the structural relationships and associations among the trace 
elements. Several series of weathering and leaching experiments were conducted 
to define the environmental behavior of the trace elements in the refuse and coal 
samples under various environmental conditions. These, investigations resulted 
in the identification of the trace elements of most environmental concern in 
typical Illinois Basin refuse and coal. Methods to control the trace element 
contamination of refuse and coal drainage are being investigated. These refuse 
materials are very complex. Some 55 elements have been identified in most of 
the refuse samples and undoubtly there are more. The most abundant of these 
elements, iron, aluminum, and silicon, compose the structures of the major 
mineral systems. A large number of elements generally considered to be environ 
mentally sensitive are present in these refuse materials in significant quantities 
(greater than 30 mu g/g). Included among these are fluorine, aluminum, manganese, 
iron, cobalt, nickel, copper, zinc, arsenic, and lead. Although the relative 
amounts of some of these components are seemingly small, the absolute quantities 
available in a large or active waste dump could cause grave consequences in the 
surrounding environment if they were to be released and concentrated by natural 
processes. (NTIS abstract)

REFERENCE CODE: S/S3-13

Curtis, G. W., 1977, Technique for estimating the magnitude and frequency of 
floods in Illinois: U.S. Geological Survey Water Resources Investigation 
77-117, 70 p.

302



REFERENCE CODE: S/S3-13 Continued.

ABSTRACT:
A technique is presented for estimating flood magnitudes at recurrence intervals 
ranging from 2 to 500 years, for unregulated rural streams in Illinois, with 
drainage areas ranging from 0.02 to 10,000 square miles (0.05 to 25,900 square 
kilometers). Multiple regression analyses, using streamflow data from 241 
sampling sites, were used to define the flood-frequency relationships. The 
independent variables drainage area, slope, rainfall intensity, and an areal 
factor are used in the estimating equations to determine flood peaks. Examples 
are given to demonstrate a step-by-step procedure in computing a 100-year 
flood for a site on an ungaged stream and a site on a gaged stream in Illinois.

REFERENCE CODE: S/S3-14

Hood, W. C., 1977, Manganese in southern Illinois water: Geological Society of 
American Abstracts with Programs, Vol. 9, pp. 606-607.

ABSTRACT:
In southern Illinois streams that are not related to coal strip mining, manganese 
concentrations usually average less than the one mg/1 Illinois general water 
quality standard, although individual grab samples from such streams occasionally 
have as much as two mg/1. Mine-influenced streams, on the other hand, usually 
contain manganese in excess of one mg/1, with values up to ten mg/1 being common 
place. In standing bodies of water receiving runoff from mine spoil or gob, 
manganese concentrations are frequently in the 10 to 20 mg/1 range and can go 
higher. In general, the highest values are observed in springs and seeps emerging 
from spoils or gob, where values over 50 mg/1 are typical and may reach into the 
thousands. Manganese is widespread in the overburden rocks in !the area and 
experimental work indicates the element can easily be leached from these rocks, 
especially if the water is acidic. The extensive strip mining in southern 
Illinois, coupled with the common occurrence of acid-producing overburden and 
gob, has thus made manganese a widespread environmental problem in the area. 
(GSA abstract)

REFERENCE CODE: S/S3-15

Nawrot, J. R., Haynes, R. J., Pursell, P. L., D'Antuono, J. R., Sullivan, R. L., 
and Klimstra, W. D., 1977, Illinois lands affected by undergrounding mining 
for coal: Illinois Institute for Environmental Quality, IIEQ Doc. 77/11, 
309 W. Washington St., Chicago, IL 60606, 195 pp.

ABSTRACT:
The cooperative Wildlife Research Laboratory of Southern Illinois University at 
Carbondale surveyed all lands affected by undergrounding mining for coal as of 
1 September 1976. The primary purpose of the survey was to delineate locations,
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REFERENCE CODE: S/S3-15 Continued.

surface ownership, and environmental problems associated with abandoned mine sites. 
Historical and governmental records provided locations for A,076 abandoned mines 
in 70 counties. Of the total affected acreage (6,955.9 acres), approximately 
5,000 acres representing 508 mine sites were identified as potential problem areas. 
Deeply eroded, barren refuse areas and potentially hazardous or flowing openings 
characterized the most severe problem areas. Potential and observed mine drainage 
to off-site areas was also recorded at many sites. (Adapted from author's summary)

REFERENCE CODE: S/S3-16

Haynes, R. J., and Klimstra, W. D., 1975, Some properties of coal spoilbank and 
refuse materials resulting from surface-mining coal in Illinois: Illinois 
Institute for Environmental Quality, IIEQ Doc. No. 75-21, 126 p.

ABSTRACT:
This publication reports the results of analyses of 2,084 spoil samples and 
22 coal refuse samples collected during the 1970-71 survey of surface-mined 
land in Illinois. Although some surface materials from all mined areas yielded 
a pH of less than 4.1, most samples had pH's ranging from 5.1 to 8.1. Acid 
spoils showed properties deleterious to most vegetation. These properties 
included high exchangeable acidity and soluble salts; possibly toxic concentrations 
of soluble sulfate, iron, manganese, and aluminum; and low potassium, calcium, 
and base saturations. (Adapted from author's summary)

REFERENCE CODE: S/S3-17

Schleuger, R. L., 1975, Problems and policy alternatives-mining: in Proceedings- 
workshop on non-point sources of water pollution, March 20-21, 1975, Illinois 
University at Urbana-Champaign, Agricultural Experiment Station and Illinois 
Institute for Environmental Quality, pp. 20-24.

ABSTRACT:
The operational characteristics of mining are considered in relation to non-point 
source water pollution, especially in Illinois coal mining, where an estimated 400 
miles of streams and rivers are affected by mine drainage. Of this, 265 stream 
miles in southern Illinois are affected to such a degree that they are either void 
of fish and aquatic life or will not support them. Polluting mine wastes include 
refuse piles, slurry lagoons, and polluting chemicals such as iron, manganese, 
aluminum and sulfates of calcium and mangnesium. Mining-related water pollution in 
Illinois comes predominantly from surface drainage over and through mine refuse 
heaps and from drainage over the massive areas of spoil banks and exposed mineral 
seams. Coal mine refuse piles pose a particular threat of water pollution because 
they contain iron sulfide (pyrite) which upon oxidation and contact with water can 
produce drainage containing sulfuric acid and iron. Such oxidation can produce
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REFERENCE CODE: S/S3-17 Continued.

198 Ibs. of acidity per acre of refuse per day. Most of the contaminants come from 
about 1,600 abandoned mines in 69 Illinois counties. Possible effects of coal- 
gasification plans on water quality also need to be considered. Overall goals and 
objectives of a coal mine wastes program in Illinois are reviewed. (WRSIC abstract)

REFERENCE _CODE; S/S3-18

Smith, W. H. and Stall, J. B., 1975, Coal and water resources for coal conversion 
in Illinois: Illinois State Water/Geological Survey Cooperative Resources 
Report 4, 82 pp.

ABSTRACT:
Illinois has enormous reserves of coal and water. These resources could supply 
raw materials for many coal conversion plants to help meet the rapidly increasing 
need for new energy sources in the Midwest and the East. A current assessment 
of the State's most promising resources of coal and water is presented. Remaining 
in-place reserves 42 or more inches thick total 59 billion tons for Herrin coal 
and 38 billion tons for Harrisburg-Springfield coal. Also, Harrisburg-Springfield 
and Herrin coals less than 42 inches thick.

REFERENCE CODE: S/S3-19

Cederstrom, D. J., 1971, Hydrologic effects of strip mining west of Appalachia: 
Mining Congress Journal, vol. 57, no. 3, p. 46-50.

ABSTRACT:
In the Midwest the problem of acidic water is seemingly much less acute than in 
Appalachia. In part, this may be due to the fact that the topography is gentle 
and pyritic material is generally less exposed to oxygenated waters. In Midwest 
fields, thousands of small lakes have been created in the resultant ridge and 
furrow topography. These lakes constitute a reservoir of significant magnitude. 
Further, upon pumping from lakes, saturated bank material, made up of moderately 
permeable shale fragments or highly permeable sandstone and limestone fragments, 
will contribute water to the lakes. In this sense, the, the lakes may be thought 
of as a series of dug wells in which considerable storage is present in each. 
The ponds and lakes created by disturbed ground are commonly hydrologic benefits 
in the sense of improvement of the functioning of the hydrologic cycle and also 
in a secondary sense in that the ponds and lakes are, or can be, distinct 
recreational assets. (WRSIC abstract)

REFERENCE CODE: S/S3-20

Csallany, Sandor, 1966, Yields of Pennsylvanian and Mississippian rocks in 
Illinois: Illinois State Water Survey Report of Investigation 55, 42 p
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REFERENCE CODE: S/S3-20 Continued.

ABSTRACT:
Summarizes studies of yields of wells in thick rocks of Pennsylvanian and 
Mississippian ages (well depths average only 170 and 250 feet because of poor 
water quality with depth); includes results of aquifer tests and well-production 
tests on several hundred wells which show influence of location, depth, construction, 
and age, as well as effects of well treatment; describes availability of groundwater 
supplies from these rocks in 88 counties;, shows well yields are inconsistent and 
low (commonly less than 25 gallons per minute), but wells are only source for 
several thousand small farms and homes and several hundred small municipalities 
and industries in areas of southern three-fourths of state.

REFERENCE CODE: S/S3-21

Gluskoter, H. J., 1965, Composition of ground water associated with coal in 
Illinois and Indiana: Economic Geology, V. 60, no. 3, p. 614-620.

ABSTRACT:
Mineral constituents of uncontaminated ground water from coal seams are predominantly 
alkalies and chloride, with chloride accounting for about 60 percent of total 
dissolved solids. Total dissolved solids and total chloride increase with depth. 
Median pH is 7.7. (Author's abstract)

REFERENCE CODE: S/S3-22

Gluskoter, H. J., and Rees, 0. W.- 1964, Chlorine in Illinois coal: Illinois 
State Geological Survey Circular 372, 23 p.

ABSTRACT:
The percentage of chlorine in Herrin (No. 6) Coal in Illinois generally increases 
toward the deeper parts of the Illinois Basin. Chlorine values range from zero 
near the coal outcrop the values exceeding 0.60 percent in the deeper part of 
the basin. Samples of both coal and its associated ground water were taken from 
13 mines and the chloride content of the coal was found to be more closely related 
to chlorine content of the ground water than to depth. (GEOREF abstract)

REFERENCE CODE: S/S3-23

Roberts, W. J., Hanson, Ross, Huff, F. A., Changnon, S. A., Jr., Larson, T. E., 
and others, 1962, Potential water resources of southern Illinois: Illinois 
State Water Survey Report of Investigation 31, 100 p.
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REFERENCE CODE: S/S3-23--Continued.

ABSTRACT:
Brings together information on surface and groundwater resources, meteorological 
relations, and water quality for 17 southern counties where the potential for 
water resource development is very large; describes 113 reservoir sites capable 
of development, and lists available data on existing impoundments. (From list 
of Illinois State Water Survey publications)

REFERENCE CODE: S/S3-24

Bell, R., 1956, Aquatic and marginal vegetation of strip mine waters in southern 
Illinois: Illinois Academy of Science Transactions 48, p. 85-91.

ABSTRACT:
Fifty-two of the numerous surface mine ponds in the area were included in this 
study. Plant distribution was correlated with physiochemical characteristics. 
Species listed were categorized as submerged, floating, emergent, moist soil, 
and recession zone vegetation. (Gleason and Russell, 1977)

REFERENCE CODE: S/S3-25

Pryor, W. A., 1956, Groundwater geology in southern Illinois a preliminary 
geologic report: Illinois State Geological Survey Circular 212, 25 p.

ABSTRACT:
The likelihood of finding groundwater for private, municipal, and industrial 
supplies in southern Illinois ranges from poor to excellent. This report 
summarizes, in general, the geologic conditions controlling the occurrence and 
availability of groundwater and suggests efficient ways to obtain it under 
prevailing conditions. Maps indicate probable occurrence of (1) water-yielding 
sand-and-gravel deposits, (2) water-yielding bedrock formations, and (3) undeveloped 
groundwater sources that may be suitable for private, municipal, industrial, and 
water-flood supplies. The best potential sources of large supplies of water are 
sand and gravel deposits in the major valley systems. Unfavorable conditions 
generally prevail elsewhere because water-yielding sand and gravel is absent, the 
bedrock formations are tight, or the available groundwater is of poor quality. 
(Author's abstract)
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SUPPLEMENTAL DATA K

NAWDEX listings of sources of monitoring-site data found in 
the Wayne National Forest study area.
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SUPPLEMENTAL DATA K: LISTING 1

Sources of streamflow and stage data in the Wayne National 
Forest area.
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SUPPLEMENTAL DATA K: LISTING 2

Sources of surface-water-quality data in the Wayne National 
Forest area.
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SUPPLEMENTAL DATA K: LISTING 3

Sources of ground-water-quality data in the Wayne National Forest 
area.
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SUPPLEMENTAL DATA L

Annotated bibliography of investigations pertinent to coal 
mining and water resources in the Wayne National Forest 
study area.
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SUPPLEMENTAL DATA L: SUMMARY 1

Annotated bibliography of hydrologic studies performed 
'in small areas of the Wayne National Forest area.
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REFERENCE CODE: W/S1-1

TITLE: Acid Mine Pollution: Effects on Survival, Reproduction, and Aging of 
Stream Bottom Microinvertebrates.

GEOGRAPHICAL AREA: Athens, Vinton, and Hocking Counties, Ohio. 

AREAL EXTENT: 1 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Relationships between mining and occurrence and diversity of microinvertebrate 
species is established. Laboratory testing on species collected in the streams, 
using varying concentrations of acid mine water and prepared ion-concentration 
solution, shows changes in longevity and reproduction rates.

PUBLISHED REPORTS AND(OR) ARTICLES: 
Annual reports with same title as above.

AVAILABLE FROM: 
Water Resources Center 
Ohio State University 
1791 Neil Avenue 
Columbus, Ohio 43210

REFERENCE_CODE: W/S1-2

TITLE: Impact on Stream Quality of Reclamation of an Abandoned Surface Mine.

STARTING DATE: May, 1981.

GEOGRAPHICAL AREA: Hocking County, Ohio.

AREAL EXTENT: 0.5 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
A small watershed in the Wayne National Forest containing abandoned surface
mines will be monitored before, during, and after reclamation. Stream-flow
water quality, and sediment data will be collected, and benthic invertebrates
will be sampled periodically. The success of the reclamation will be
evaluated.

PUBLISHED REPORTS AND(OR) ARTICLES:
An interim report will be published in 1983.

REFERENCE CODE: W/S1-3

TITLE: Meiofaunal Abundance Acid-Mine Polluted, Reclaimed, and Unpolluted 
Streams in Southeastern Ohio.
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REFERENCE CODE: W/S1-3 Continued.

GEOGRAPHICAL AREA; Athens, Vinton, and Hocking Counties, Ohio.

PURPOSE, OBJECTIVES, AND(OR) RESULTS;
Meiofauna samples were collected at each of two sites on seven streams in 
Athens, Vinton, and Hocking counties. Streams represented unmined, reclaimed, 
and unreclaimed watersheds. Species were identified and statistical analyses 
were performed to show diversity comparisons amongst the streams.

PUBLISHED REPORTS AND(OR) ARTICLES;
Hummon, W. D., Evans, W. A., Hummon, M. R., Doherty, F. G., Wainberg, R. H., 

and Stanley, W. S., 1977, Meiofaunal abundance in acid-mine polluted, 
reclaimed, and unpolluted streams in southwestern Ohio; in "Energy and 
environmental stress in aquatic systems," J. H. Thorp and J. W. Gibbons, 
Eds. Selected papers from a symposium held at Augusta, Georgia, Nov. 2- 
4, 1977: U.S. DOE, Technical Information Center, -CONF-771114 (1978), 
p. 188-203.

AVAILABLE FROM: 
Technical Information Center 
U.S. Department of Energy 
Publication CONF-771114

REFERENCE CODE: W/S1-4

TITLE: A Comparison of Benthic Oligochaete Populations in Acid and Neutral 
Lenthic Environments in Southeastern Ohio.

GEOGRAPHICAL AREA: Vinton and Athens Counties, Ohio.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The report presents data from monthly faunal, water, and sediment samples 
collected from comparable coves in Lake Hope (Vinton County), and acid-pollution 
impoundment, and Dow Lake (Athens County), a neutral impoundment. Abundance 
of individuals in the two areas was similar, but the species diversity at 
Lake Hope was significantly lower.

PUBLISHED REPORTS MD(QR)_ARTICLES:
Orciari, R. D. and Hummon, W. D., 1975, A comparison of benthic oligochaete 

populations and acid and neutral lenthic environments in southeastern 
Ohio: (Ohio University, Department of Zoology and Microbiology), Ohio 
Journal of Science vol. 75 no. 1, p. 44-49.

AVAILABLE FROM; 
The Ohio Journal of Science 
Botany and Zoology Building 
1735 Neil Avenue 
Columbus, Ohio 43210
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SUPPLEMENTAL DATA L: SUMMARY 2

Annotated bibliography of studies concerned with the influence 
of coal mining on the water resources of any small areas in Ohio
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REFERENCE CODE: W/S2-1

TITLE: Hydrologic Effects of Mine Sealing on Surface and Ground-Water Resources 
in Lake Hope Basin, Ohio.

STARTING DATE; July 1978. 

COMPLETION DATE; June 1982. 

GEQGRAPHICAL_AREA: Vinton County, Ohio. 

AREAL EXTENT: 1 mi 2

PURPOSE, OBJECTIVES, AND(OR)_RESULTS;
The project involves installation and operation of a monitoring program which will 
provide data for evaluating the effects of mine sealing on surface and ground- 
water systems of two tributaries to Lake Hope.

PUBLISHED REPORTS AND(ORl ARTICLES; 
(Soon to be published)
Nichols, V. E., Drift mine reclamation project above Lake Hope, Ohio: 

U.S. Geological Survey.

AVAILABLE FROM: 
U.S. Geological Survey 
975 West Third Street 
Columbus, Ohio 43212

REFERENCE CODE: W/S2-2

TITLE: Surface Mining Influences on Sedimentation Characteristics of Basins in 
the Allegheny and Monongahela Geologic Series in Ohio.

STARTINGJDATE: October 1978.

COMPLETION DATE: December 1982.

GEOGRAPHICAL_AREA: Coshocton and Jefferson Counties, Ohio.

AREAL EXTENT: 2 mi 2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The objectives of the study are: 1) to define sediment transportation and 
deposition for unmined and reclaimed surface-mined basins located within the 
two predominant geologic series containing strippable coal, 2) to describe 
particle-size distribution of fluvial sediment from the two types of basins, 
3) to define chemical characteristics (trace metals, organics, nutrients) of 
waters draining the basins, 4) to define sedimentation in terms of time since 
reclamation.
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^REFERENCE CODE: W/S2-2 Continued,

PUBLISHED REPORTS AND(OR)_ ARTICLES; 
Publication intended for~~1982.

AVAILABLE FROM: 
U.S. Geological Survey 
975 West Third Street 
Columbus, Ohio 43212

REFERENCE CODE: W/S2-3

TITLE: Report on Acid Mine-Drainage Control for State Reclamation Lands, Perry 
County, Ohio.

GEOGRAPHICAL AREA; Perry County, Ohio.

PURPOSE, OBJECTIVES, AND(QR)_RESULTS:
The study was conducted by an engineering firm for the Ohio Department of Natural 
Resources to provide data for developing a program to reduce acid drainage. 
Data collected included stream discharges, stream water quality (acidity, pH, 
total iron), lake water quality. Field work was conducted to identify sources 
of acid drainage.

PUBLISHED REPQRTS_AND(QRl ARTICLES:
Baker, A. R., and Koehrsen, L. G., undated, Report on acid mine-drainage control

for State reclamation lands, Perry County, Ohio: Stanley Engineering Co.
Report to Ohio Dept. of Nat. Res., 99 p.

REFERENCE CODE: W/S2-4

TITLE: Abandoned Subsurface Coal Mines as a Source of Water for Coal Conversion 
in Eastern Ohio.

STARTING DATE: January 1977. 

COMPLETION DATE: March 1979. 

GEOGRAPHICAL AREA: Guernsey County, Ohio. 

AREAL EXTENT; 17 mi2

PURPOSE,OBJECTIVES, AND(OR) RESULTS:
The availability of groundwater from abandoned coal mines in part of the Cambridge
Coal Field is evaluated. Water quantity, quality, and degree of hydraulic
connection between mines are determined. Practical sustained yield is estimated
and surface water in the area is evaluated as a possible additional source of
water.
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REFERENCE CODE: W/S2-4 Continued.

PUBLISHED REPORTS AND(OR) ARTICLES:
Crouch, T. M., Collins, H. R., and Helgesen, J. 0., 1980, Abandoned subsurface 

coal mines as a source of water for coal conversion in eastern Ohio: Ohio 
Geological Survey Report of Investigations, No. 118, 25 p.

AVAILABLE FROM:
Ohio Department of Natural Resources 
Division of Geological Survey 
Fountain Square, Building B 
Columbus, Ohio 43224

REFERENCE CODE: W/S2-5

TITLE: Preliminary Observation of Surface-Mine Impacts on Ground Water in 
Two Small Watersheds in Eastern Ohio.

GEOGRAPHICAL^AREA: Coshocton and Muskingum Counties, Ohio.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Groundwater flow and water quality in two small watersheds in eastern Ohio are 
being studied to document the impacts of surface mining. The watersheds are 
underlain by coal-bearing stratified rocks of the Pennsylvanian System. Before 
mining, two major perched aquifers occurred within the top 250 feet in each 
watershed. Water in these aquifers constituted local flow systems, whereas 
deeper water was part of regional systems.

Quasi-three-dimensional digital models have facilitated an understanding of the 
premining ground-water flow systems. Model results are most sensitive to ground- 
water recharge rate and underclay leakance. Groundwater quality varies 
considerably between and within watersheds. Much of the shallowest water is of 
the calcium bicarbonate type; deeper water is of variable types and more 
mineralized.

Mining of the top coal in each watershed has resulted in destruction of the top 
aquifer. Two years of postmining data reflect a slow rate of resaturation of 
overburden spoils. No significant effects of mining on deeper groundx^ater are 
evident. (Author's abstract)

PUBLISHED REPORTS AND(OR) ARTICLES:
Helgesen, J. 0. and Razem, A. C., 1980, Preliminary observation of surface-mine 

impacts on ground water in two small watersheds in eastern Ohio: Symposium 
on Surface Mining Hydrology, Sedimentology, and Reclamation, Lexington, 
Kentucky, Proceedings, p. 351-360.
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JREFERENCEJGODE: W/S2-6

TITLE: The Effects of Surface Mining on the Ground-Water Hydrology of East Rush 
Creek Basin, Perry County, Ohio.

GEOGRAPHICAL AREA: Perry County, Ohio. 

AREA! EXTENT: 5 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The study involves (1) comparison of ground water samples taken within 1 mile of 
active, abandoned, or reclaimed surface mines and samples taken with the study 
area but not adjacent to surface mines, (2) preparation of shallow-aquifer water- 
level map, (3) use of air photos and satellite images to determine areal extent 
of mined land and to explore fracture-trace analysis as a possible influence on 
hydrology, and (4) chemical analysis of reclaimed and unreclaimed overburden and 
spoil banks and comparison with undisturbed land.

PUBLISHED REPORTS AND(OR) ARTICLES:
Vogel, Donald A., 1980, The effects of surface mining on the ground-water

hydrology of East Rush Creek basin, Perry County, Ohio: unpublished M.S.
Thesis, Department of Geology, Ohio University, Athens, Ohio.

REFERENCE CODE: W/S2-7

TITLE: Effects of Strip Mining on the Ground-Water Hydrology of Small Watersheds. 

STARTING DATE: September, 1975. 

COMPLETION DATE: January, 1983. 

GEOGRAPHICAL AREA: Eastern Ohio. 

AREAL EXTENT: 1 mi2

PURPOSE,_ OBJECTIVES, AND (OR) RESULTS:
The objectives of the study are to describe the hydrogeology of four small water 
sheds associated with different coal seams; to document groundwater flow and 
water quality characteristics for pre- and post-mining conditions; to develop a 
ground-water flow and transport model to simulate the movement of solutes through 
the aquifer systems of the watersheds.

PUBLISHED REPORTS AND(OR) ARTICLES:
Helgesen, J. 0., and Weiss, E. J., 1978, Preliminary description of ground-water

hydrology of strip mine areas in eastern Ohio (Pre-mining conditions):
U.S. Geological Survey Administrative Report.

AVAILABLE FROM: 
U.S. Geological Survey 
975 West Third Street 
Columbus, Ohio 43212
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REFERENCE CODE: W/S2-8

TITLE: Effect of Strip Mining on Water Quality. 

GEOGRAPHICAL AREA; Coshocton County, Ohio. 

AREAL_EXTENT: 27 mi2

PURPOSE:, OBJECTIVES, AND (OR) RESULTS:
The report presents the results of 236-week water quality sampling project, in 
which samples were collected at four points downstream from a strip mine. Results 
of a related project, an attempt to correlate spoil characteristics with spoil 
infiltration rates, are also presented.

PUBLISHED REPORTS AND(ORl ARTICLES:
Vimmerstedt, J. P., Finney, J. H., and Sutton, P., 1973, Effect of strip mining 

on water quality: Ohio Agricultural Research and Development Center, 
Wooster, Ohio, Report to Ohio State University Water Resources Center, 
Columbus, OH, 54 p.

AVAILABLE FROM: 
National Information Service 
Springfield, Virginia 22161 
as PB-217 872

REFERENCE CODE: W/S2-9

TITLE: Coal Mining and Its Effect on Water Quality. 

GEOGRAPHICAL AREA: Eastern Ohio.

PURPOSE, OBJECTIVES, ANDJOR) RESULTS:
The effects of surface and deep mining on water quality are discussed in detail
with conditions of mines in Ohio serving as the main examples.

PUBLISHED REPORTS, AND(OR) ARTICLES:
Ahmad, M. U., 1971, Coal mining and its effect on water quality: Proceedings of 

Groundwater Pollution Conference, St. Louis, MO, p. 13-52.

REFERENCE_CODE; W/S2-10

TITLE: Feasibility Study Upper Meander Creek Mine Drainage Abatement Project

GEOGRAPHICAL AREA: Mahoning County, Ohio.

AREAL EXTENT: 40 mi2
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REFERENCE CODE: W/S2-10 Continued.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The report, an evaluation of feasibility of a mine drainage control demonstration
project, contains water quality, streamflow, and land use data.

PUBLISHED REPORTS AND(OR) ARTICLES:
Anderson, R. H., Stanley Consultants, 1971, Feasibility study Upper Meander 

Creek mine drainage abatement project: Report to EPA, Office of Research 
Monitoring, Water Pollution Control Research Series 14010 HBQ 09/71, 53 p.

AVAILABLEJ[ROM:
National Technical Information Service
Springfield, Virginia 22161
as PB-206 232

REFERENCE CODE: W/S2-11

TITLE: Pilot Scale Study of Acid Mine Drainage. 

GEOGRAPHICAL AREA: Vinton County, Ohio. 

AREAL EXTENT: 1 mi 2

PURPOSE, OBJECTIVES^ AND(OR) RESULTS:
The report summarizes data collected during the first several years at the 
McDaniels Mine, a small, long-abandoned drift mine. The project studied the 
effect of oxygen concentration on acid production, located sites of pyrite 
oxidation in overburden, and described the significance of bacterial catalysis 
on oxidation rates.

PUBLISHED REPORTS AND(OR)_ARTICLES;
The Ohio State University Research Foundation, 1971, Pilot scale study of acid

mine drainage: Report to EPA, WQO, Water Pollution Control Research
Series 14010 EXA 03/71, 84 p.

AVAILABLE FROM:
National Technical Information Service
Springfield, Virginia 22161
as PB-214 771

REFERENCE CODE: W/S2-12

TITLE: The Effects of Strip Mining on a Natural System: A Water Quality Study 
of Piedmont Lake, Ohio.

GEOGRAPHICAL AREA: Belmont and Harrison Counties, Ohio.
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REFERENCE CODE: W/S2-12 Continued. 

AREAL EXTENT: 86 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The report is from a college course and presents data on pH, Ca, Mg, Na, and K 
for grab samples collected at 19 discharge points from surface-mined areas that 
surround Piedmont Lake.

PUBLISHED REPORTS AND(ORl ARTICLES:
Neely, J. C., III, 1970, The effects of strip mining on a natural system: 

a water-quality study of Piedmont Lake, Ohio: Case Western Reserve 
University, Intersession Project, Biology 933, 6 p. unpublished.

REFERENCE COVE: W/S2-13

TITLE: Development of Biological Indices to Pollution Levels in Streams 
Affected by Acid Mine Drainage and Oil Field Brine Wastes.

GEOGRAPHICAL AREA: Central and southeastern Ohio.

PURPOSE,_OBJECTIVES, AND(OR) RESULTS:
The upper Oleutangy River and Whetstone Creek, affected by organic and oil field 
brine pollution, were compared with Raccoon Creek, which is affected by acid 
mine drainage but very little by organic pollution. Good correlation was found 
between the species diversity index and presence of acidity (more acidity, less 
species diversity) but little correlation was found between species diversity 
index and presence of organic or brine pollutants.

PUBLISHED REPORTS AND(()R) ARTICLES:
Dambach, C. A. and Olive, J. H., 1969, Development of biological indices to 

pollution levels in streams affected by acid mine drainage and oil field 
brine wastes: Ohio State University Natural Resources Institute and Water 
Resources Center, Research Completion Report to U.S. Office of Water 
Resources Research, 90 p.

REFERENCE CODE: W/S2-14

TITLE: Lake Hope Acid Mine Drainage Abatement Program. 

GEOGRAPHICAL AREA: Vinton County, Ohio. 

AREAL EXTENT: 10 mi2
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REFERENCE CODE: W/S2-14 Continued.

PURPOSE, OBJECTIVES, AND(ORl RESULTS:
A field study was conducted to verify sources of acid pollution to Lake Hope, 
which was found to have a pH range of 4.5 to 5.5. The fish population in 
the lake was found to be small. The report also evaluates various pollution 
control techniques and their costs.

PUBLISHED REPORTS AND(OR) ARTICLES:
Koehrsen, L. G., Stanley Consultants, 1969, Lake Hope acid mine drainage abate 

ment program: Report to Ohio Department of Natural Resources, 38 p.

REFERENCE CODE: W/S2-15

TITLE: Analysis of Water Quality of the Mahoning River in Ohio. 

GEOGRAPHICAL_AREA: Mahoning River above Leavittsburg, Ohio.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The report shows that the Mahoning River above Leavittsburg, Ohio, is affected 
mainly by mine drainage, while below Leavittsburg, municipal and industrial 
wastes predominate. Tables, charts, graphs, and maps are used to present 
water-quality data and show variations of constituents.

PUBLISHED REPORTS AND(OR) ARTICLES:
Bednar, G. A., Collier, C. R., and Cross, W. P., 1968, Analysis of water quality

of the Mahoning River in Ohio: U.S. Geological Survey Water-Supply Paper
1859-C, 32 p.

REFERENCE CODE: W/S2-16

TITLE: Sources of Coal Mine Drainage Pollution, Wheeling Creek Watershed, Ohio,

GEOGRAPHICAL_AREA: Belmont County, Ohio.

AREAL EXTENT: 108 mi2

PURPOSE, OBJECTIVES, AND(ORl RESULTS:
Samples were collected from 120 mine drainage sources, which were identified as
to location, type of mining operation, and whether active or inactive.

PUBLISHED REPORTS AND (OR). ARTICLES:
U.S. Department of Interior, Federal Water Pollution Control Administration, 

Wheeling Field Station, 1968, Sources of coal mine drainage pollution, 
Wheeling Creek watershed, Ohio: FWPCA Work Document No. 28, 45 p.
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REFERENCE CODE: W/S2-16

AVAILABLE FROM:
National Technical Information Service 
Springfield, Virginia 22162 
Accession Number 69 ROOO 5202

REFERENCE CODE: W/S2-17

TITLE: Stream Pollution by Coal Mine Drainage, Captina Creek Basin, Ohio. 

GEOGRAPHICAL AREA: Belmont County, Ohio. 

AREAL EXTENT: 180 mi 2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
Twelve sources of mine drainage to Captina Creek were located and sampled.
The report includes results of analyses of samples and mine drainage discharges,

PUBLISHED REPORTS AND(OR) ARTICLES:
U.S. Department of Interior, Federal Water Pollution Control Administration, 

Wheeling Field Station, 1968, Stream pollution by coal mine drainage, 
Captina Creek basin, Ohio: FWPCA Work Document No. 23, 14 p.

REFERENCE_CODE: W/S2-18

TITLE: Recommendations for Water Pollution Control, Raccoon Creek Basin, 
Ohio.

GEOGRAPHICAL AREA: Vinton, Jackson, Gallia Counties, Ohio. 

AREAL_EXTENT: 700 mi2

PURPOSE, OBJECTIVES_ANDlOR) RESULTS:
The report includes detailed descriptions of several subwatershed areas and
a mine-drainage source inventory.

PUBLISHED REPORTS AND(OR) ARTICLES:
U.S. Department of Interior, Federal Water Pollution Control Administration,

Wheeling Field Station, 1967, Recommendations for water pollution control,
Raccoon Creek Basin, Ohio: 81 p.

AVAILABLE FROM:
National Technical Information Service 
Springfield, Virginia 22161 
Accession Number 69 ROOO 5661
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REFERENCE CODE: W/S2-19

TITLE: The Sheban Project.

GEOGRAPHICAL AREA: Mahoning County, Ohio.

AREALJEXTENT: 10 mi2

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
The Sheban project was an experiment in controlling mine drainage by impoundment 
of water in an abandoned surface mining operation which had been preceded by an 
underground mining operation. Data obtained from sampling the impounded water 
and any seeps are reported.

PUBLISHED REPORTS AND(OR) ARTICLES:
Hall, E. P., 1965, The Sheban Project; Symposium on Acid Mine Drainage Research 

Preprints, Pittsburgh, Pennsylvania, 1965, p. 145-160.

Unpublished progress report, 1960.

REFERENCE CODE: W/S2-20

TITLE: Studies of Acid Mine Water with Particular Reference to the Raccoon 
Creek Watershed.

GEOGRAPHICAL AREA: Vinton, Jackson, Meigs Counties, Ohio. 

AREAL EXTENT: 700 mi 2

PURPOSE, OBJECTIVES, AND(OR) ARTICLES:
A comprehensive examination of the acid mine water problem in the Raccoon Creek 
watershed, covering sources of acid (strip, drift, slope, shaft mines, gob piles), 
neutralization, abatement through mine sealing, reservoir, and drainage control, 
cost analysis of various approaches, and presence of other minerals and their 
overall influence on the problem.

PUBLISHED REPORTS, AND(OR) ARTICLES:
Clifford, J. E., and Shavely, C. A., 1954, Studies of acid mine water with 

particular reference to the Raccoon Creek watershed: Report by Battelle 
Memorial Institute, Columbus, Ohio, to Ohio Department of Natural Resources, 
Division of Wildlife.

AVAILABLE FROM:
Ohio Department of Natural Resources
Publications Division
Fountain Square, Building B
Columbus, Ohio 43224
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SUPPLEMENTAL DATA L: SUMMARY 3

Annotated bibliography of large area studies pertinent to the 
hydrology of the Wayne National Forest area.
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REFERENCE CODE: W/S3-1

TITLE: Stream Water Quality in the Coal Region of Ohio. 

GEOGRAPHICAL AREA: Selected counties in Appalachian coal region.

PURPOSE, OBJECTIVES, AND(OR) RESULTS:
This study was undertaken with the primary objective of establishing a water 
quality data base for small first order umnined and surface-mined watersheds 
throughout Appalachia. There is a need for data which explicitly show changes 
in water quality attributable to both old and recent surface mining. Most 
previous water quality data in the study area was from watersheds so large 
that it was impossible to isolate the effects of surface mining from the 
confounding effects of other activities of man.

Small streams were sampled in selected counties in the State where coal is 
surface mined. Sampling was at approximate monthly intervals. The water-quality 
data from these streams are presented in this report and should help fill the 
need for data from small watersheds in Appalachia.

PUBLISHED REPORTS AND(OR) ARTICLES:
(Soon to be published)
Dyer, K. L., Stream water quality in the coal region of Ohio, Part 3 of water

quality of Appalachia, U.S. Department of Agriculture, Forest Service,
Berea, Kentucky.

AVAILABLE FROM:
U.S. Department of Agriculture
Forest Service
Northeastern Forest Experiment Station
Route 2, Kentucky Highway 21 East
Berea, Kentucky 40403

REFERENCE CODE: W/S3-2

(Soon to be published)
Engelke, M. J., and Roth, D. K., Hydrologic assessment eastern coal province, 

area No. 7: U.S. Geological Survey WRI/Open File Report.

(Soon to be published)
Roth, D. K., and Engelke, M. J., Hydrologic assessment eastern coal province, 

area No. 4: U.S. Geological Survey WRD/Open File Report.

DESCRIPTION:
The project will establish a network of surface-water gaging and sampling stations 
in the coal area of eastern Ohio. This network will provide a standardized data 
base of flow, biological, suspended sediment, and chemical data. Mining impact 
will be evaluated by means of a model incorporating data on geology, predominance 
of various mining activities, degree of reclamation, climatology, stream quality, 
and hydrology.
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REFERENCE CODE: W/S3-3

(Soon to be published)
Norris, S. E., Blackhand sandstone aquifer: U.S. Geological Survey, 

WRI/Open File Report.

DESCRIPTION;
The study will determine character and areal extent of individual aquifers 
associated with coal deposits, delineate recharge and discharge areas, prepare 
potentiometric surface maps, determine yields of wells and pumpage from aquifers, 
investigate their hydraulic properties and connection with surface streams. 
Areal variability in quality of water in specific aquifers will be studied. An 
assessment will be made of the probable environmental effects resulting from 
previous and anticipated future mining of associated coal beds.

REFERENCE CODJ5: W/S3-4

Moulton, E. Q., undated, Editor, The acid mine-drainage problem in Ohio;
Ohio State University, Engineering Experiment Station, Bulletin 166, 158 p

SUMMARY:
The report presents results of a nine-month research program in acid mine 
drainage, in which the problem is reviewed and discussed, future research is 
suggested, and a bibliography is included.

REFERENCE CODE: W/S3-5

Pfaff, C. L., Helsal, D. R., Johnson, D. P., and Angelo, C. G., 1981, Assessment 
of water-quality in streams.draining the coal-producing area of Ohio, 
U.S. Geological Survey Water Resources Investigations Open-File Report 
81-409.

DESCRIPTION:
In the first phase of the project, 150 sites were sampled twice and sample 
results were related to land use with regard to coal mining (unmined, strip 
mined and abandoned or reclaimed, underground mined). In the second phase, 
four watersheds (stripped and abandoned, stripped and reclaimed, actively 
being stripped, abandoned drift mined) were sampled in detail and water quality 
in the watersheds was related to mining.
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REFERENCE_CODE: W/S3-6

Lamb, J. and Klinedinst, P., 1980, Surface-mine erosion and alluvial valley 
sedimentation in Ohio: part of Master of Science thesis, Department of 
Geology and Mineralogy, Ohio State University, Columbus, Ohio, unpublished 
report.

SUMMARY:
Landscape gradation in three Ohio counties was studied by direct measurement. 
Baseline data were assembed to determine the effectiveness of reclamation of 
abandoned land in the area. Basic data on spoil bank erosion was assembled 
and the reponse of fluvial-system sediment overloading was investigated.

REFERENCE CODE: W/S3-7

McKenzie, G. D. and Studlick, J. R., 1979, Erodibility of surface-mine spoil
banks in southeastern Ohio: an approximation: Journal of Soil and
Water Conservation, vol. 34, no. 4, p. 187-190.

ABSTRACT:
Accumulated sediment in interbank basins of unreclaimed strip mines was 
measured and the average annual soil loss from unvegetated, 18-year-old spoil 
banks was determined. Using the universal soil loss equation, values for 
erodibility were calculated. The techniques can be applied to unreclaimed 
mines where interbank basins trap slope-derived sediment.

REFERENCE CODE: W/S3-8

Ohio State University Research Foundation, 1971, Acid mine-drainage formation 
and abatement: Report to U.S. EPA, Water Pollution Control Research 
Series 14010 FPR 04/71, 82 p.

SUMMARY:
The interpretation of data from field projects on deep and surface mines in 
eastern Ohio is discussed in this report. The report also discusses physical, 
chemical, and biological factors involved in the rate of acid formation.

REFERENCE CODE: W/S3-9

Biesecker, J. E. and George, J. R. , 1966, Stream quality in Appalachia as 
related to coal-mine drainage, 1965: U.S. Geological Survey Circular 
526, 27 p.
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REFERENCE CODE: W/S3-9  Continued.

ABSTRACT:
A stream-quality reconnaissance at 318 locations in May 1965 offered the first 
opportunity for a contemporaneous regional collection and appraisal of water- 
quality data in Appalachia. The results provide a means of regional comparison 
of the influence of coal-mine drainage on stream quality at approximately 
median streamflow. The results disclose that the chemical quality of the water 
at nearly 200 sites did not meet recommended drinking-water standards. At 
many of these sites, inferior quality was caused by excessive concentrations 
of solutes commonly associated with coal-mine waters.

Water-quality damage from mine drainage is particularly severe in the more 
heavily mined northern one-third of the region where high sulfate content, free 
mineral acidity, and low pH are typical of most affected streams. A deficiency 
in natural stream alkalinity in this part of the coal region contributes greatly 
to the massive effect of mine drainage upon stream quality. However, data 
collected from streams affected by mine drainage along the west edge of this 
part of the coal field suggest extensive neutralization of mine water. In 
southern Appalachia coal-mine drainage had less influence on stream quality than 
in northern Appalachia. Fewer streams in this area were influenced by mine 
drainage, and the magnitude of stream damage for affected streams was less than 
in northern Appalachia. (Author's abstract)

REFERENCE CODE: W/S3-10

Musser, J. J., 1965, Water Resources of the Appalachian Region: Pennsylvania 
to Alabama; U.S. Geological Survey Hydrologic Investigation Atlas HA-198, 
Sheet 9.

SUMMARY:
Acid Streams in the Appalachian region are identified and discussed, and the
amount of acidity as H2SO, discharged annually into several streams is tabulated.

REFERENCE CODE: W/S3-12

The Ohio Journal of Science, March 1964 - entire issue.

AVAILABLE FROM: 
The Ohio Journal of Science 
Botany and Zoology Building 
1735 Neil Avenue 
Columbus, Ohio 43210

DESCRIPTION:
Several studies relating to coal hydrology in Ohio are summarized within this
symposium. These studies address the formation of acid drainage in strip mine
spoils.
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REFERENCE CODE: W/S3-13

Riley, C. V., 1960, The ecology of water areas associated with coal strip-mined 
lands in Ohio; Ohio Journal of Science, vol. 60, no. 2, p. 106-121.

SUMMARY:
The report presents data from an 11-year study. The objectives were: to 
identify and determine ecological relationships of plants and animals inhabiting 
the water and its environs; to determine which materials in the overburden were 
important contributors to the formation of acid; to determine practical methods 
of managing watersheds and strip ponds.
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